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THE ASTRONOMICAL THEORY OF THE ICE AGE. 


W. H. S. MONCK, DUBLIN, IRELAND. 
For THE MESSENGER. 

This subject has perhaps sufficient interest for astronomers 
to warrant the insertion in THE SIDEREAL MESSENGER of the 
following remarks partly suggested by Professor McFar- 
land’s note in the March number. At the outset I wish to 
say that I do not think the phrase, ** Astronomical Theory,” 
should be limited to that of Dr. Croll. Besides including the 
counter-theory of Mr. J. J. Murphy, that phrase is also wide 
enough to include the theory which makes the sun a vari- 
able star of long period. This perjod I suspect will prove to 
be much less than 200,000 years. The Ice Age may not im- 
probably have occurred not more than 20,000 years ago, in 
which case, of course, both Croll and Murphy would be put 
out of court. The best test of this is the amount of post- 
glacial erosion, of which the Americans have a magnificent 
example in the falls of Niagara. 

I think, however, that neither Dr. Croll nor Mr. Murphy 
have ever stated the problem in its general form — much less 
attempted to solve it. It is admitted that during the period 
when the earth’s orbit was most eccentric the total heat re- 
ceived from the sun in each year was not diminished, but in 
fact slightly increased. And (subject to the qualification to 
be made hereafter) the same remark is true of every locality 
on the earth’s surface. The probiem therefore is: Supposing 
the total heat to be constant, what distribution of it is most 
favorable to the formation of a permanent snow cap or ice 
cap? Without stating the problem generally, Dr. Croll vir- 
tually replies: The best arrangement is that which gives an 
under-supply of heat for the longest time and an over-supply 
for the shortest ; while Mr. Murphy replies: The best arrange- 
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ment is that which gives the longest duration to the over- 
supply, and the shortest to the under-supply. (The words 
‘‘over-supply”’ and ‘‘under-supply”’ refer to a supply in ex- 
cess or defect of the mean.) It is essential to both theories 
that time should enter as a factor into the problem; and 
in one sense it is obvious that it does so. What I in- 
tended to convey by my former remarks in THE SIDEREAL 
MESSENGER (and I think I expressed my intention with suffi- 
cient clearness), was that time is not an independent factor 
in cases where the total annual heat is constant. If q be the 
amount of heat received in the unit of time and Q the 
amount received in the year, then ¢,t, = %Q, and q,t,=%@Q 
where q,, g, are the mean heat of summer and winter re- 
spectively, and ¢,, t,, the lengths of the summer and winter 
respectively ; and the quantities Q and t,+t, are both con- 
stant according to Croll. Time is thus a factor which is in- 
variably associated with another factor that varies inverse- 
ly as the time, and the element that we have really to con- 
sider is the product of the two factors, which is constant. 
If Professor McFarland places a block of ice at the tempera- 
ture of 32° F, on a surface whose temperature is kept con- 
stant at 33° F, he will find that the amount of ice melted 
at the end of an hour is exactly equal to what would be 
melted in a minute if the surface temperature was kept con- 
stant at 92° F. 

The problem of the formation or melting of a snow cap 
or ice cap is not statical but dynamical, and the quantity of 
heat, not the temperature, is primarily to be looked to. If 
we desired that a given quantity of heat should melt the 
maximum amount of ice, we would endeavor as far as pos- 
sible to keep it from raising the temperature of the air or 
other surrounding objects. But Dr. Croll and his followers 
seem to me to forget the equivalence of heat and work, 
owing to which heat must always be employed either in 
raising the temperature, in melting ice, or in doing both; the 
same quantity of heat always performing the same amount 
-of work. Dr. Croll, for instance, insists on Tyndall’s state- 
ment that a joint of meat could be roasted while the sur- 
rounding air was as cold as ice; but did Tyndall ever 
say that a joint of meat could be roasted where a block of 
ace could not be melted? Or that rays powerful enough to 
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melt pitch would fail to produce any effect upon ice? Croll is 
no doubt right in saying that if India was covered with an 
ice cap the summers would be cold. But why? Simply be- 
cause most of the summer heat would be employed in melt- 
ing the snow and ice. The low temperature would be due 
to the rapidity of the melting. When it is once admitted 
that the total quantity of heat received from the sun in each 
year at the period of greatest eccentricity is as great (or 
rather a little greater) than at present the question arises: 
How is it possible that this equal quantity of heat proves 
insufficient either to melt the winter accumulation of snow 
or to raise the summer temperature above the present level ? 
—for Dr. Croll and his followers will not allow it to have 
either effect. The total effect in the two departments must 
be the same as before, on the principle of the conservation of 
energy, but Dr. Croll apparently ascribes to it a diminished 
effect in each department. Many of Dr. Croll’s arguments 
on this point may be retorted. Is the air clear and dry? 
The result is favorable to the theory, according to Croll, be- ° 
cause the temperature of the air is not raised. Is the air 
moist and foggy? The result is equally favorable, in his 
opinion, because the incident heat is absorbed by the air 
and does not reach the snow and ice. But in the former 
case it might be replied that the incident heat produces its 
maximum effect in melting because none of it is exhausted 
in raising the temperature of the air; and in the latter case, 
that since the absorbed heat raises the temperature of the 
air, the cold will not be as great as Dr. Croll supposes. But 
any view which takes in only one-half of the subject is mis- 
leading, whether it is Dr. Croll’s half or the other half. 

I do not deny that there may be special cases in which Dr. 
Croll is correct, as also special cases in which Mr. Murphy is 
so. What I deny is that either of them has stated or solved 
the problem in its general form. If we take a locality well 
supplied with moisture, in which the annual heat, if uni- 
formly distributed, would keep the temperature constant 
at 28° or 30° F, an uniform distribution of this heat would 
be favorable to a permanent snow cap. The snow could 
never be melted though it might be slowly evaporated, and 
snow usually falls in the greatest profusion when the tem- 
perature is not much below freezing point. An unequal dis- 
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tribution of heat would be necessary to clear off the snow 
cap during any portion of the year, however short, and I 
think there can be little doubt that a sufficiently unequal 
distribution would enable the ground to be cleared of snow 
for a few days or weeks in summer. Indeed, if the winter 
was very short but intensely cold, such a summer clearance 
would be almost certain. On the other hand if the supply 
of heat was sufficient to produce an uniform temperature of 
34° F, I doubt whether a permanent snow cap could be pro- 
duced; but without an unequal distribution of temperature 
there could not be even a temporary one. 

There are, I think, but two of Dr. Croll’s arguments which 
are worthy of consideration by scientific men, for his talk 
about long cold winters and short hot summers is evidently 
intended for ordinary readers only, who are likely to over- 
look the principle of compensation by which length is al- 
ways attended with feebleness, and shortness with intensity. 
These arguments are: 1. Snow and ice are good reflectors of 
heat, and, therefore, when a snow cap is once formed the in- 
cident heat is practically reduced, inasmuch as a large pro- 
portion of it is reflected back into space without doing any 
terrestrial work. 2. The northern and southern regions at 
present receive large quantities of heat from the equatorial 
regions by means of ocean currents and air currents (Croll 
seems to regard the latter as unimportant); but when 
northern or southern ice caps were formed these currents 
would be diverted, and the glaciated regions would thus be 
deprived of a considerable part of the heat which they now 
receive. 

To commence with the latter argument, it presupposes the 
validity of some of the others; for the cause of the diversion 
of the ocean currents, according to Croll, is the increasing 
coldness of the region from which they are diverted. Thus 
suppose the northern region to be the colder one, the ocean 
currents would be diverted towards the south, and thus in- 
tensify the northern cold by diminishing the supply of heat 
from the equator. It is evident that this reasoning would 
not hold good if the main agent in producing ocean currents 
is the difference of temperature between their extremities. 
The cause of ocean currents is still under debate, but for the 
present purpose I will assume it to be what Dr. Croll sup- 
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poses. The winter being coldest when the eccentricity is 
greatest, and the earth is at aphelion in winter there will 
therefore at this period be a southern diversion of the ocean 
currents during the winter. But what of the ensuing sum- 
mer? If it is likewise hotter (as it ought to be from the 
greater quantity of heat received in the same time), there 
will be a counter diversion of the ocean currents to the 
north which might not impossibly break up snow caps and 
ice caps that remained undisturbed so long as the ocean cur- 
rents oscillated within narrower limits. At all events the 
summer heat will be as much increased by the northern di- 
version as the winter cold by the southern diversion, and the 
prospects of a permanent snow cap increasing from year to 
year are in no way improved by the change. 

Assuming the quantity of heat received in the year to be 
unaltered, the mean temperature of the year will not be af- 
fected by the formation of snow and ice so long as the sum- 
mer heat suffices to melt the winter accumulation. The fall 
of temperature is as much checked by the formation as the 
rise is checked by the melting. But in order that the accu- 
mulation of snow and ice should increase, the mean temper- 
ature of the year must be raised; for the fall of temperature 
is more checked by the formation than the subsequent rise is 
checked by the melting. And if the accumulation of snow 
and ice diminishes during the year, the temperature must be 
below the mean; for the rise of temperature is more checked 
by the melting than the fall is checked by the formation. 
Consequently if it is the mean temperature of the year that 
fixes the mean position of the ocean currents, this mean tem- 
perature will be above the average when the snow and ice 
are increasing, and the mean position of the currents will be 
farther north than before. I do not, of course, affirm that 
this was actually the case when the snow caps and ice caps 
were forming. I only say that it is what must have oc- 
curred if Dr. Croll is right in maintaining that there was no 
decrease in the total heat received in each year during the 
formation. Ifso, the mean temperature must have increased 
during the formation of the ice caps and diminished during 
their dissipation. Dr. Croll will perhaps find a confirmation 
of this view in the fact that (according to Mr. Ferrel) the 
mean temperature of the Antarctic regions, where there is 
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at present a winter aphelion and a partial glaciation, is 
higher than that of the Arctic regions at equal latitudes— 
a result which Dr. Croll accepts. 

It only remains to consider the loss of heat by reflection 
from the surface of snow and ice. I doubt whether this is 
considerably greater than the reflection from the same sur- 
faces when free from snow and ice. Observations and sta- 
tistics on this subject are highly desirable, and in fact they 
seem to me to be the only way in which Dr. Croll’s theory 
can be proved. The differences between the reflecting powers 
of different substances diminish as the angle of incidence in- 
creases, and we are dealing with regions where the angle of 
incidence is always large. The surfaces of snow and ice, too, 
often become covered with impurities which seriously dimin- 
ish their reflecting power. The question, however, is one 
which I leave experimentalists to deal with, merely calling 
attention to it as the turning point of the theory. On other 
points it may be said that Dr. Croll’s theory would work ad- 
mirably if more heat was absorbed in melting snow and ice 
than is given out in forming them; but the equivalence of 
these two quantities, together with the constancy of the 
total annual heat, seems to me fatal to it. For those who 
desire to pursue the subject I desire to refer to Dr. Haugh- 
ton’s researches on radiant heat recently published by the 
Royal Irish Academy. Dr. Haughton’s results, though not 
arrived at with any controversial object, appear to me to be 
very unfavorable to the views of Dr. Croll. 


ASTRONOMY IN THE UNITED STATES.*+ 


T. H. SAFFORD, PH. D. 


In the quarter century which elapsed between the first be- 
ginning (1836) of our Observatory and the outbreak of the 
civil war, American astronomy had made great progress. 
The work of an astronomer involves certain professional 
habits of care and accuracy, whether he be chiefly an observer 
or a calculator; and an abstract mathematician does not al- 
ways make the best practical astronomer, forthe latter must 
attend to certain every-day matters which the former some- 


* A discourse read June 25, 1888, to commemorate the fiftieth anniversary of 
the dedication of the Hopkins Observatory at Williams College, Williamstown, 
Mass. + Continued from No. 72, p. 77. 
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times neglects. The best cure for absent-mindedness and 
day-dreaming which I know, is to observe star-transits; for 
the stais are extremely punctual; if the observer wanders off 
into regions of abstract thought, the star will not wait for 
him, it is always in its proper place at the exact second. 

Then, there are mechanical operations to be performed 
which sometimes involve a good deal of manual labor; and 
the man who has to do this must be skilled in the science; 
even the subordinates in an Observatory need education; 
they must have a good deal of mathematics at their finger’s 
ends. 

One great advance in mathematics during the present cent- 
ury is the theory of the errors of observation which we owe 
to Gauss, and which shows us how to distinguish between 
good observations and bad, and even between blunders and 
the necessary imperfections of our senses. 

By 1861 this country had acquired what I may call a 
school of astronomers. That is, there were many observa- 
tories,—public and private,—with far too little money for 
their maintenance in regular activity, it is true, but with here 
and there an observer or calculator who knew how to use 
the instruments and the results of observation. Any young 
man who, like Rittenhouse or Bowditch, felt himself impelled 
to study astronomy, could find instructors, and after suf- 
ficient training could usually get remunerative employment. 
He could also gain the ear of a public interested in such 
things; by the better newspapers, if what he had to say was 
of a popular character; or by the scientific journals of 
America or Europe, if he had something new and original 
for the specialists. There was also an astronomical journal 
of much merit, published by the zeal and munificence of its 
editor, Dr. Gould. 

Some of the early achievements of our astronomers have 
been of permanent use to the science. Of these the most im- 
portant are the two connected inventions,—the chrono- 
graph, and the telegraphic method of determining longitude. 

The chronograph is the instrument used in the ‘‘ American 
Method ” of observing transits. It is practically a telegraph- 
ic ink-writer, or other register; connected with a clock, it 
marks the seconds on a sheet or tape of paper; and the ob- 
server, who has to find the exact time of any astronomical 
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phenomenon has simply to press a telegraph key near his in- 
strument, and the time is recorded. Similar instruments 
have since been used to measure the speed of thought and 
compare one man with another as to quickness of apprehen- 
sion, or willing; so that astronomical methods have thus 
been introduced into psychology. Inthe old way of taking 
transits, the observer, while looking through the telescope, 
was obliged to count his time, second by second; to do this 
without mistake, and write down the small fractions of a 
second, is much more difficult than to observe by the Ameri- 
can method. 

Very soon after Morse’s inventions, and the establishment 
of a few telegraph lines, Walker, Loomis, and other Ameri- 
can astronomers, used them to send time from one Observa- 
tory to another. We can readily see that by the earth’s 
steady motion on its axis, difference of time is equivalent to 
difference of longitude; twenty-four hours correspond to the 
whole circuit of the earth, and every hour to fifteen degrees. 
All our railways are now run by Greenwich time, with a 
change in the whole hours only; thus seven o’clock of rail- 
way time here is simply twelve o’clock at Greenwich; and 
our trains are run on the time of the seventy-fifth meridian. 

Before this system could be inaugurated, our astronomers 
must find out how their Observatories were situated with 
respect to the Greenwich meridian; or at any rate to some 
meridian. The telegraph was, as I have said, first employed 
in America for this purpose, after many trials of other 
methods had been made, with partial success. Before the 
ocean cable was laid, the position of Harvard Observatory 
from Greenwich had been determined with great care by the 


_Bonds; their method of exchanging times was to send a 


great many ships’ chronometers backwards and forwards 
between England and America. 

Our astronomical progress had been most considerable in 
those branches which are of practical importance; but yet 
there were those who gladly took hold of more ideal prob- 
lems. The American mind is peculiar; partly from heredity, 
partly, I suppose, as influenced by the greater command of 
circumstances possible in a free country. The American is 
ambitious in intellectual things, if once his interest is 
aroused ; and he frequently cannot reconcile himself to take 
a second place. 


Astronomy in the United States. 


201 


A striking example of this quality is seen in the life of 
Alvan Clark, the great optician, who has lately gone from 
us at a ripe old age: In my boyhood I met him, then a 
modest portrait painter of middle age, who had begun to 
interest himself in the making of object glasses, and to 
hope that he could by-and-by compete with the German op- 
ticians in telescopes of moderate dimensions. 

One of his early object glasses, of half the diameter of the 
Cambridge telescope, is that belonging to the equatorial of 
the Williams College Observatory, given by that constant 
friend of the college, Amos Lawrence. Mr. Clark did not 
then construct the machinery of entire telescopes, and the 
mounting is by an inferior mechanic, and not very good. 

It was not long before Mr. Clark’s reputation increased, 
and he received some orders from England. His acquaint- 
ance with the English amateur astronomer Dawes gave him 
opportunity to learn what a very sharp-sighted, careful ob- 
server desired in his object glass,—for Mr. Dawes was ex- 
tremely critical,—and he was finally able to surpass even the 
German makers in the precision of the images seen in his 
telescopes. At this point he was assisted by liberal capi- 
talists to set up a larger establishment, and, with his sons, 
to enter upon telescope-making on a greater scale. 

His first great telescope, belonging to the Chicago Observ- 
atory, was completed in 1865; the object glass, larger than 
any then existing, had been made several years before. 
From that date until his death in 1887, he was actively at 
work, though already an old man; and my last visit to him, 
two years ago, was made in his workshop, where he was 
busy on the greatest object glass now existing, one of more 
than twice the diameter of the Harvard telescopes. This 
glass, that of the Lick Observatory, in California, was pre- 
ceded by one which gave him great triumph. He had dis- 
placed his competitors’ instruments in America, wherever in- 
creased dimensions were called for; but the great Imperial 
Observatory of Russia, at Pulcova, near St. Petersburg, 
was in the market for such an instrument. 

The Struves, father, sons and grandsons, have long been 
known as among the most careful observers. But the pres- 
ent head of the family became convinced that in his own 
special line of work he needed a more powerful telescope; 
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and what he learned of the performance of the Clarks’ 
glasses led him to give them the order for the optical part of 
the instrument. The mechanical portion was made in Ham- 
burg, by the Repsolds, who are the greatest mechanicians of 
the world, the makers of our fine meridian circle. 

The last twenty-five years have brought much material 
advancement to the science in this country. It is hardly 
possible to go deeply into it; in many respects it is a repeti- 
tion of the earlier history. Observatories have been founded 
in new places, sometimes with means for their maintainance, 
at other times without. Some of the older ones have re- 
ceived large accessions of invested funds, and have thus been 
enabled to do more; this is notably the case at the Harvard 
Observatory, which has been given the handsome fortunes 
of Robert Treat Paine, the amateur observer of the earlier 
time, and of Uriah Boyden, an inventor of turbine wheels, 
who had been greatly aided by Benjamin Peirce’s knowledge 
of the higher mathematics. Boyden’s bequest requires the 
establishment of a mountain Observatory ; his trustees have 
placed it under the Harvard management, so that the 
mountain observations will be calculated at Cambridge. 
The ability and success of our younger astronomers in hand- 
ling deep and difficult problems have been proved entirely 
adequate; I think we have never lacked the men, but it is 
only lately that they have found education and encourage- 
ment. 

Many able astronomers, too, have come to us from foreign 
countries, among whom is our Nestor, Dr. Peters, who is 
with us on this occasion. I dare not attempt to say how 
many small planets he has discovered within the last 
quarter of a century, but his other work has been enough by 
itself to give his Observatory a high reputation both at 
home and abroad. 

It is pretty plain that the public mind has changed its 
attitude towards astronomy. We now find more general 
intelligence on the subject; more disposition to believe in 
astronomers; more encouragement to those of them who are 
still struggling with difficult problems; more pride in their 
achievements; European scientists now come occasionally 
to see what is doing here; the profession of an astronomer 
is a recognized career. 
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What then shall be the future of our science in this coun- 
try? 

Two things are plain: first, that the great benefactions to 
colleges help all sciences; and second, that original investiga- 
tion is much more prominent as a feature of college work 
than ever before. 

We have giant telescopes enough in this country; Alvan 
Clark’s sons will doubtless keep up the supply of large in- 
struments; but we need to look at the science a litéle more 
deeply on the intellectual side. I would remind you that our 
college .studies are largely traditional; that astronomy, 
along with geometry and music, was one of the studies of 
the old Quadrivium, and that perhaps a fecasting of our 
courses may be possible and beneficial. 

I am a believer, as are other college instructors of some 
eminence, in the disciplinary value of astronomy as an inde- 
pendent study. The mathematics have their value, and a 
very high one it is; but the lower mathematics, especially 
arithmetic, have been overdone in a certain direction; I 
mean that of riddles, puzzles,—brain-spinning, as the Ger- 
mans call it. While our boys and girls are given problems 
to solve which quite exceed their thinking powers—I don’t 
suppose I could ever have gone successfully through Green- 
leaf’s National Arithmetic till I had graduated from college 
—their minds are quite undeveloped in the power of observa- 
tion, and they are often imperfectly trained in the four 
ground rules, especially in decimal fractions. So far as my 
own experience goes, the best mathematical training is that 
which deals with tangible objects; the abstractions should 
have a sensible basis. 

I would then have the observation of the common phe- 
nomena of nature accompany the study of arithmetic and 
geometry in the common schools. The pupils should learn 
to watch the barometer and the thermometer, sunrise and 
sunset, the phases of the moon, the motions of clouds; they 
should know the pole-star, Ursa Major, Orion, the Pleiades, 
Leo, the Scorpion; should learn to distinguish between the 
stars and the planets, to watch for the aurora borealis, to 
note the colors of the rainbow. The high school, or college 
preparatory school, should always have its telescope, and 
some simple means of accurately keeping time; a few no- 
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tions of scientific astronomy should not fail to be inculcated. 

In college, the professor of astronomy should have time 
and opportunity to interest even the Freshmen in his study; 
I do not mean that he should give them formal teaching, 
this may well be reserved for later years. But he should 
have a variety of instruments, some of the inexpensive kind 
made now-a-days, for gazing purposes; or old telescopes, 
out of fashion for observation, so that one or another of 
the students could watch the heavens for himself. Informal 
instruction may always well precede the more formal; and 
occasional observatory evenings with interesting objects 
could be arranged, so that a good part of our classes might 
enter on the regular study of the science with some distinct 
notions. 

To introduce the work I have described into our common 
schools will take a long time, perhaps a generation. But it 
seems a waste, when we open any mathematical school-book 
and find in it so much that refers to a merely, imaginary 
world; and then to hear from business men and college pro- 
fessors that all this training leads to nothing definite; and, 
when the young men are nearly through their college course, 
to find them unable to tell the points of the compass in a 
strange place, or even in their own college town; or not 
aware that when the moon is full it rises very nearly at sun- 
set. 

The colleges have begun to do their part in teaching the 
teachers. Courses in practical astronomy are now given in 
many institutions; the instruments can be used, and the re- 
sults of observation calculated, by the few who elect this 
subject. 

It is more difficult than it ought to be to go very far in 
these studies, because the habit of applying the earlier math- 
ematics to tangible objects is unformed. The young man is 
at first confused when you tell him that he must measure 
the sides or angles of his spherical triangle. He has always 
thought a spherical triangle to be an abstraction. More- 
over, he cannot always handle even his arithmetic with fa- 
cility ; and certainly, again and again I have found mistakes 
in difficult calculations, which the student himself could not 
detect, to lie in carrying wrongly in addition or subtraction. 

A return to nature in our whole method of education—even 
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in the elementary teaching of Greek, that bugbear to some 
so-called educators—is now actually going on; the next gene- 
ration will reap the benefit. Could Ihave learned Greek and 
Latin as my colleagues are now teaching them, I should 
have had many more interested hours; and other subjects, 
history, biology, physics, are now taught by better methods. 

The college Observatory of the future, in this country 
should contain a good many moderate instruments; none 
very gigantic, but some of that handy size which is best 
adapted to advance the science. A giant instrument renders 
the observer helpless, if he has not a file of soldiers, or other 
servants, to help him move the machinery ; one which he can 
just conveniently handle leaves him free to work, and 
always shows him objects enough to observe. If he have 
a trained eye, that in itself is equivalent to an increase in the 
size of his instrument. 

I hold that in a strong college, independent work, to ad- 
vance the science, should be going on; the student will be 
benefited by the closer contact with realities which is thus 
gained. Moreover the teachers themselves can better be 
kept from rusting, or falling into a treadmill round; they 
can be in the current of scientific thinking, even if their prob- 
lems be modest. But along with the best instruments to 
show the refinements possible, there should be samples of 
simpler and cheaper ones, partly for the independent work of 
the pupils, partly for the exploration of the heavens to gain 
immediate communion with nature in its grander aspects, 
partly to show the future teachers what their schools can af- 
ford. The general framework of mathematical training 
will gain largely, the more it is connected with modern scien- 
tific applications, and thus the more closely it is conjoined 
with nature. 

I may be permitted here some quotations from a modest 
but deep thinker, whose little work Emerson recommended 
Carlyle to read, the late Sampson Reed, of Boston. The 
book is called ‘‘ Observations on the Growth of the Mind.” 

Mr. Reed says: ‘If it were desired to make an individual 
acquainted with one of the abstract sciences, this might best 
be effected by leading him gradually to whatever conduced 
to the growth of those powers on which a knowledge of these 
sciences depends; by cultivating a principle of dependence on 
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the Divine Being, a purity and chastity of the affections, 
which will produce a tranquil condition, of all things the 
most favorable to clear perceptions; by leading him to an 
habitual observation of the relation of things, and to such 
continued exertion of the understanding, as, calling into use 
its full powers without inducing fatigue, may impart the 
strength of the laborer without the degradation of the 
slave; in a word, by forming a penetrating mathematical 
mind rather than by communicating mathematical informa- 
tion. The whole character and complexion of the mind will 
thus be gradually changed, till at last it will become (chemi- 
cally speaking) in its very nature an active solvent of these 
subjects.’’ This return to nature, in our teaching, was thus 
eloquently recommended in 1826; it is gradually becoming 
accomplished in the scientific studies of our better colleges. 

Astronomy deals with immensity of space; who can con- 
ceive the enormous distances at which the stars are from us? 
The nearest one is forty millions of millions of miles from 
us, or nearly that; the light is six or seven years in coming 
from it. The little star which was seen to blaze out in 1866 
may really have burst into flame before the discovery of 
America by Columbus; the dim cloudy spots which we see 
in so many places, and are tempted to call world-stuff (nebu- 
lous matter is the usual name), are so far that no human 
mind can do more than guess their distance. 

It will be well, I think, if we can interest our pupils—and I 
do not mean college students alone—in the contemplation of 
the heavens as well as in the scientific study of their motions 
and phenomena; if the telescope can become an indispensable 
piece of apparatus in the highest school of any locality, even 
a village. This study should go hand in hand with the or- 
dinary common observations of the nearer things around 
us. 

But looking back over the last half century of scientific 
progress in America, we have every reason to be hopeful 
for the future. America is the great republic; every man is 
born equal to every other; if the bricklayer’s son exhibits 
the genius of the century in mathematics he needs no petty 
Grand Duke’s favor, but will be recognized and helped by his 
fellow citizens and the organizations for study which have 
grown up during our few centuries; while the experience of 
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the past fifty years has shown that these organizations will 
have an unexampled growth in the next fifty years so far as 
predictions in any human affairs are possible. American as- 
tronomers and American instrument makers—few indeed 
half a century ago—are now known by reputation and 
respected in the whole civilized world. 

The first permanent American Observatory is still stand- 
ing, to show by its modest dimensions how great a growth 
has been possible in half a century. 


THE DOUBLE STAR, : HYDRAE. 


Ss. W. BURNHAM. 


For THE MESSENGER. 

In measuring this pair (Y 1273) at Pulkowa in 1860, 0 
suspected an elongation in the principal star in a vertical 
direction; and again in 1864, by an entirely independent 
observation, noted an apparent elongation in the direction 
of 190°. With this in mind I examined it in 1877-8 with the 
Chicago 1812-inch on several occasions, and always found 
the larger star round. It was also observed by Holden and 
Hall with the Washington 26-inch in 1875, and a new com- 
panion of the 14th magnitude discovered at a distance of 
20” from A. The Struve companion was measured by Hall 
in 1878, 1880 and 1883; and while it does not appear that 
the Washington observer specially looked for the suspected 
star, doubtless any irregularity in the figure of the bright 
star would have been noticed. In April, 1888, Schiaparelli, 
with the 18-inch refractor at Milan, found it plainly elon- 
gated, and measured it with that instrument on six nights. 
Last fall I turned the 36-inch on it, and at once saw the 
close pair, and measured it witha power (about 3300) which 
fairly separated the components. Subsequently it was ob- 
served again with the same instrument. The two sets of 
measures are as follows: 


1888.28 P = 142°.0 D=0".21 4..5.5 Sp 6n 
1889.04 154 .4 0 .26 4..6 a 2n 

It is quite certain that this will prove to be a physical sys- 
tem, and perhaps one in rapid motion. It must be at all 
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times a difficult object, and will require a large aperture to 
properly measure it. The physical relation of the Struve 
component has long been established, although the move- 
ment is comparatively slow. The change from 1825 to 1889 
amounts to about 33°. 

The observations do not cover a sufficient period to show 
whether or not the distant companion is a member of this 
system. The following are all the measures: 

1878.33 P= 198°.9 D= 10" 76 _.% Hl 1n 

1878.60 192 .0 20 .05 .. 12-13 32n 

1889.15 193 .5 LD td én 1n 

Altogether this must be considered as one of the most in- 
teresting star systems, and worthy of the attention of ob- 
servers having telescopes of sufficient power to satisfactorily 
show the new stars. 

Lick Observatory, March 14, 1889. 


METEOR COMETS. 


Ww. . 8S. MONCK, DUBLIN, IRELAND. 
For THE MESSENGER. _ 

That comets connected with any well sustained meteor 
shower must be periodical, seems pretty evident, and that 
there have been previous visits may be regarded as certain 
if the shower can be traced in the past. Only four comets 
have hitherto been connected with meteor showers with any 
degree of certainty. Of these four the history of Biela’s 
comet need not be recapitulated. The period of the Leonid 
comet has been fixed with reasonable certainty at between 
thirty-three and thirty-four years, and it has been shown to 
be highly probable that the comet of 1366 was a previous 
appearance of this comet. The shower no doubt existed be- 
fore 1366 and earlier comets have been identified with this 
meteor comet on probable grounds. 

The question therefore whether any earlier appearances of 
the Perseid or Lyraid comets can be traced, and consequently 
their periods and those of the corresponding meteor showers 
fixed, is therefore of considerable interest. Both comets 
were fairly bright on the occasion of their last visits and are 
not therefore likely to have escaped observation on all previ- 
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ous occasions. The earlier comets, however, have been but 
roughly observed, and we cannot hope to discover anything 
like exact accordance between the elements of the meteor 
comets in question and their predecessors. Considerable 
differences exist between the elements of Halley’s comet and 
those computed for earlier comets which were almost cer- 
tainly identical with Halley’s; and differences also exist be- 
tween the elements of the Leonid comet of 1866 and those 
of the comet of 1366 with which it is supposed to be identi- 
cal. A general resemblance in the elements and near coinci- 
dence of period is all that can be looked for. 

The period of the Perseid comet (Comet III of 1862) has 
been computed at 123 or 124 years. Adopting this period I 
do not find any preceding comet which resembles it, but by 
increasing the assumed period to 131.3 years or there- 
abouts there is a fair general resemblance between the fol- 
lowing three comets: 

3 2 1 q p 
1337 2 20 93 1 40 28 0.828 — 
1468 356 3 61 5 4419 0.853 — 
186211] 34441 137 26 66 25 0.963 — 

Alternative orbits have been computed for the first and 
second of these comets which in some respects agree better 
with the third than those which I have selected. The times 
assigned for the respective perihelion passages are June 1337, 
October 1468, and August 1862,so that the interval between 
the second and third is almost exactly three times that be- 
tween the first and second; but on the assumption of 
identity I find no trace of the returns of the comet in 1600 
and 1731. Four more periods of this comet (if my conjec- 
ture is correct) would lead back to the year A. D. 813, when 
a comet appeared which seems to have exhibited considera- 
ble traces of disruption during its visit. Possibly this dis- 
ruption may have been the origin of the Perseid meteors. 

The Lyraid comet (Comet I 1861) was computed to have 
a period of about 415 years. The meteors (as might be ex- 
pected from the length of the period) do not appear to be 
distributed over the entire orbit, and have already thinned 
out to a large extent. A great display of meteors is re- 
corded on the 4th of April, A. D. 1095, which (allowing for 
precession) were very probably Lyraids. The comet must, in 
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this case, have returned in or about the year 1095, and the 
orbit computed for the comet of A. D. 1097 is in many re- 
spects similar, save that Burckhardt makes the descending 
node of this comet nearly coincide with the ascending node 
of the Lyraid comet. I would, therefore, suggest that this 
comet has very probably a period of 382 or 383 years in- 
stead of 415 as computed, and it appears from the Chronica 
Bossiana that a great comet appeared in September 1478, 
which may possibly have been an intervening return. 

I may perhaps note that the perihelion distances of all 
four known meteor comets lie between 0.9 and 1.0. Mak- 
ing allowance for the roughness of early observations the 
comets of 1097, 1337 and 1468 agree fairly in this respect. 





THE RELATIVE TIME OF ROTATION OF ANY COSMIC BODY A 
FUNCTION OF ITS RELATIVE DENSITY. 


SEVERINUS J. CORRIGAN. 
For THE MESSENGER. 

In that portion of my paper on the “ Effects of Rotation,” 
published in No. 72 of THE SIDEREAL MESSENGER, I ad- 
vanced the hypothesis that the axial rotation of any mem- 
ber of the solar system is due to an original orbital motion 
of the individual particles of which the body is composed, 
around a common “center of gravity,’’ or nucleus, and that 
the angular velocity of rotation must depend upon both the 
original orbital velocity, and the degree of freedom possessed 
by each particle, whereby it can move among the surround- 
ing matter. Itis obvious that the degree of freedom must 
depend upon the number of resisting particles encountered 
by the moving element in its passage through any given 
space, and since the number depends upon the density, it is 
plain that the ‘‘ time of rotation’’ must be some function of 
the latter. As evidence tending to establish the truth of this 
hypothesis, there was tabulated on page 58 of the above 
named number, among other quantities, the rotation period 
of each one of the eight principal planets, in terms of that of 
the earth, and also the square root of the density of each 
planet relative to that of our globe. 

For the sake of convenience these quantities are again set 
forth in the following tabulation: 
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Planet. 2 3 2 3 
1.06 —0:06 41 0.49 —0.08 
1.02 —0.04 § ; 0.36 +0.08 
1.00 000 U 0.41 —0.01 
0.97 +0.06 Unknown. 

In the above table, column 1 contains the relative rotation 
periods, column 2 the square roots of the relative densities, 
and column three the differences between the two taken in 
the sense 1—2. While the relation between the quantities 
above set forth is remarkable, yet since the agreement be- 
tween the rotation periods and the square roots of the 
densities is, in any case, only approximate, it furnishes only 
presumptive evidence in favor of the hypothesis. To render 
this relation conclusive proof, it must be shown by a rigor- 
ous demonstration that it is not a mere coincidence, as many 
readers may infer, but the result of an indubitable law of 
“celestial mechanics.”’ I shall now endeavor to prove the ex- 
istence of such alaw. The proposition to be demonstrated 
may be stated as follows: 

The relative “time of rotation’’ of any cosmic body 
formed by the congregation of particles originally independ- 
ent, moving around a common “centre of gravity,’”’ and 
subject to only the force of gravity directed toward that 
centre, must be equal to the square root of the relative den- 
sity of the body. 

If we regard any cosmic body as an aggregation of par- 
ticles endowed with orbital motion, and the axial rotation 
as a derivative of this motion, the demonstration can be 
effected most readily by considering the circumstances of 
motion of any element at the equatorial circumference of 
the body. Let A represent the angular velocity of rotation 
of this element, T its ‘“‘time of rotation,’’ and v its orbital 
velocity ; furthermore, let M denote the mass, D the density, 
and k the unit of attraction due to the mass, of the body to 
which the element belongs. 

It is to be distinctly understood that all of the above 
named quantities are to be regarded as only relative, the 
corresponding quantities pertaining to the earth being taken 
as the respective units. 

Now, it is evident that if the particle were to meet with 
no resistance, its angular velocity would be equal to the 
orbital velocity, and that this relation would be expressed 
by the equation, 
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A=y; (1) 

but, since there must be a resistance due to the impeding or 
retarding action of surrounding matter, which indefinite 
resistance will here be denoted by R, the angular velocity 
will also be inversely porportional to R, and we will have 
the equation A =-,,., or, since the ‘‘time of rotation” is the 
reciprocal of the angular velocity, 


T=%. (2) 


But, as shown above, the resistance is equal to the density 

D, hence results the equation, 
T=-.. (3) 

From the principles of ‘analytical mechanics’? we know 
that the relative mean motion n of any body, great or 
small, moving around a ‘center of attraction,’’ in obedi- 
ence to the ‘‘law of gravitation,” is expressed by the equa- 
tion, 

n=y3, (4) 
in which a represents the mean distance of the body. Since 
the above equation holds good for any value of a, we may 
regard the body or the particle as moving in a circular 
orbit whose mean distance, a, is equal to r, or the radius of 
the spherical mass to which the particle belongs; and as k is 
equal to the mass M, equation (4) may be written n =r 
or, since in a circular orbit m= v, we may write the follow- 
ing: v=, substituting this value of v in equation (3) 
the following results, 
T=—xr- (5) 
rn 

Since the density of any spherical body is proportional 
directly to the mass, and inversely to the cube of the radius 
of the sphere, the re/ative density will be given by the equa- 
tion, D = ~*~. From this we see that the denominator in the 
second member of equation (5) is equal to 4D; therefore 
that equation becomes, 


a 
T= p- VD; (6) 


i. e., the ‘relative time of rotation” is equal to the square 
root of the ‘‘ relative density,’’ which was to be proven. 
The existence of the law having been thus demonstrated, 
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there arises the question, to what cause or causes can the 
discrepancies noted in column 3, be justly attributed ? 

Four possible causes can be enumerated : 

First, possible error in the determination of the ‘time of 
rotation’ and of the mass and radius of the-body, the two 
last, of course, involving the density. 

Second, the retarding action of an accumulation of fluid 
matter analogous to a ‘‘tide wave,” raised upon the body 
by the attractive influence of neighboring bodies. 

Third, the non-coincidence of the centre of gravity and 
that of figure. 

All of these causes may operate in the case of any cosmic 
body, so that the discrepancies shown in the above tabula- 
tion can exist without casting any doubt whatever upon 
the legitimacy of the hypothesis above advanced. 

Since the rotation periods, the masses, and the radii of the 
principal members of the ‘‘solar system’’ are known quite 
accurately, the first named cause can be properly charged 
with only a very small part of the discrepancies. To one or 
both of the second and third causes the latter are, therefore, 
mainly due. An example of the operation of the second 
cause can be found in the case of the moon; the density of 
our satellite is approximately 0.61 that of the earth; 
therefore, according to my hypothesis, the relative time 
of the lunar rotation should be equal to the square root 
of this relative density, or to 0.78; but it is known from 
observation that the time of the moon's axial rotation is 
nearly the same as that of the orbital revolution, or nearly 
twenty-seven days, instead of about three-fourths of a day, 
the determination from the density. A part, or even the 
whole of this difference can be attributed to the operation of 
a ‘tide wave”’ generated in the originally fluid matter of 
the moon by the attractive force of the earth, this wave 
acting as a break opposing the rotational movement and re- 
ducing the ‘‘ time of rotation’ to nearly equality with that 
of the orbital revolution of our satellite. It is evident that 
this retarding influence must depend upon the mass and the 
distance of the neighboring body, and upon its time of revo- 
lution relative to the rotation period of the retarded body, 
and it is also obvious that the maximum effect from the 
second cause will have been produced when the time of rota- 
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tion has been made thereby equal to the time of orbital revo- 
lution. As the earth has acted against the lunar rotation, 
so must the moon have affected the earth through the orig- 
inally fluid mass of the latter. Even now the friction of the 
oceanic ‘‘ tide wave” is recognized as a cause operating to 
retard the “diurnal motion.”’ The effect of the action of the 
moon upon the earth must, of course, have been very much 
less than that produced by the action of the earth upon its 
satellite, because of the relative smallness of the lunar mass. 
Planets having satellites are particularly subject to this re- 
tarding influence, but all are more or less affected by the ac- 
tion of the sun and of other members of the system. The 
third cause may be effective in the case of any planet or 
satellite, and may operate even against the sun’s rotation. 

There is a fourth and very important cause which may 
act to modify the relation between the density and the“ time 
of rotation,” but it is one that operates, probably, only in 
the case of the sun. The sun’s relative density is known to be 
0.25, the square root of which, or 0.5, should, according to 
the hypothesis, represent the relative solar rotation period; 
but it is well known that the sun rotates upon its axis once 
in 25.3 days, instead of once in twelve hours; in other 
words, its actual ‘time of rotation" is nearly fifty-one 
times as great as that determined theoretically from the den- 
sity. It may seem that this great discrepancy between 
the fact and the theory would render the latter untenable, 
but, in reality, such is not the case; the hypothesis as stated 
above is founded upon the condition that the only force 
in action is the centripetal force of gravity due to the mass 
of the body under consideration. 

From preceding equations the following are easily deduci- 
ble: 

D 


M 
.— 
rs 


=w#D.., 


Now it is obvious that since the values of M, r, and there- 
fore of D, are quite accuiately known, the only quantity 
whose value is in doubt is k, or the attractive force. It is 
true that when gravity is unopposed, k is equal to M, and 
the relations expressed by the above equation hold good; 
but if there be in action in the solar matter a force directly 
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opposed to gravitation, but whose influence does not extend 
to the bodies of the ‘“‘solar system”’ from whose movements 
the value of M is determined, k will not be equal to /, and 
although the values of the mass and of the radius, and, con- 
sequently, of the density, be accurately known, they will not 
give the true relative ‘“‘time of rotation’’ through equation 
(4). The difference between the value of T determined from 
the density, and that derived from observation, will be a 
measure of the force acting against solar gravity. 
If we consider the equation, 


i. 
Nop 
we can readily see that if we should use that value of k 
which is equal to M, and which is determined from the mo- 
tion of the earth, the resulting value of T would be 0.5, or 
one-half a day; but, as above stated, observation shows 
that its real value is 25.3 days, or 50.6 times as great as the 
theoretical determination. To reduce them to equality it is 
necessary that the value of k should become only the 5.5; 
of its value due to the mass. Of course this determination of 
the value of k may be too large because T may be affected by 
one or all of the three causes already mentioned, but as the 
influence of these is probably comparatively small, it may be 
permissible for the purposes of illustration, to assume that 
the whole difference between the ‘time of rotation” deter- 
mined theoretically from the density, and that revealed by 
observation, is due to a force operating in the solar matter 
directly against gravity and reducing the latter to the s360 
part of the value that it would otherwise have. 

This hypothetical antagonistic force may be either the ex- 
pansive action due to the tremendous thermic energy of the 
sun, or a repulsion resulting from the action of the corre- 
lated force, electricity, or, as is very probable, the result may 
be brought about by the operation of both of these possible 
causes. I think that observation furnishes evidence of the 
existence of sucha force. It is known that ‘terrestrial at- 
traction” is a force that will cause a body near the surface 
of the earth to fall towards the centre, and to attain a 
velocity of about thirty-two feet per second, this velocity 
which is, in the case of the earth, denoted by g, being 


Ss’ 
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equal to k; if the body be not free to fall, the restraint 
will give rise to the pressure called weight, and in the case of 
the sun, the value of k or M, determined from the motion of 
the earth, is such as to make the surface gravitation about 
twenty-seven times as great as ‘‘terrestial gravity,”’ i.e.,it is 
a force that will cause a body, in falling, to attain a velocity 
of 872 feet per second, and to weigh twenty-seven times 
what it would upon the surface of our globe. A volume of 
matter that would weigh one pound here, would, on the sun, 
weigh twenty-seven pounds; but if the attractive force, re- 
presented by k, be reduced by the operation of the antago- 
nistic force to the 60 part of the value due to the mass, it 
follows that the above mentioned volume of matter would, 
if on the sun and free to fall, attain a velocity of only 0.34 
feet per second, and would weigh only nea6 of a pound, in- 
stead of twenty-seven pounds. As before stated, this value 
of the opposing influence may be too great, and it is used 
simply for the purpose of illustration; but it is evident that 
the existence of any considerable force, so acting, would re- 
move a great difficulty in the way of a conception of cer- 
tain phenomena transpiring upon the sun’s surface, and 
which are, otherwise, very puzzling. I refer to the as- 
tonishingly great degree of mobility with which the surface 
matter of the sun seems to be endowed, and which is 
evinced by the opening and the closing of spots or cavities 
covering millions of square miles of the sun’s surface, and 
the upheaval of vast quantities of solar matter, to the 
height of several hundred thousand miles, in a space of time 
so short that a force capable of producing the observed ef- 
fects is, judging from terrestrial analogy, almost inconceiv- 
able. 

Such action upon the sun suggests the possibility of the 
existence of a force acting against gravity among the parti- 
cles of the earth’s atmosphere. Living, as we do, at the 
bottom of the atmospheric ocean, it is impossible that we 
should have much definite knowledge of the condition and 
properties of the upper portion of the gaseous envelope 
which surrounds the earth, for the greatest elevation ever 
attained or attainable by man, and even the highest stratum 
sapable of sustaining a cloud, lie far below the upper limit; 
yet we know that the atmosphere is a mechanical mixture 
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of gases, and that a distinctive property of a gas is expan- 
sive force. Such a force operating in the surface matter 
of the sun or in the earth’s atmosphere, would render both 
more sensitive to the disturbing action of neighboring bodies 
than they would otherwise be, and thus the possibility of 
the agency of these bodies in the production of sun spots 
and atmospheric disturbances, as claimed in my paper on 
‘* The Effects of Rotation,’’ published in Nos. 69, 70 and 72 
of the SIDEREAL MESSENGER,” is the more easily conceivable. 
The relation between the density and rotation is intimate- 
ly connected with the conditions of equilibrium, and in a 
fluid envelope such as the atmosphere, whose density de- 
creases with the height, theseconditions may be such that the 
influence of outside bodies may produce a very considerable 
disturbance. Finally, the existence of the relation between 
density and rotation just discussed, furnishes, I think, strong 
proof in favor of the truth of the ‘“‘nebular hypothesis,” 
' which regards the members of the ‘“‘ solar system”’ as formed 
from originally independent particles of matter falling 
toward and moving around a common centre in obedience 
to the law of gravitation; for it is only by regarding them 
as so formed that the equation connecting the ‘‘relative time 

of rotation’’ with the “relative density ’’ can be deduced. 





CURRENT INTERESTING CELESTIAL PHENOMENA. 
THE PLANETS. 

Mercury sets later than the sun during the whoie of May, 
and will be in very favorable position for observation in the 
evening from the 15th to the 30th. It will be at greatest 

» elongation, east 22°49’ from the sun, May 24; in conjunc- 
tion with the moon, 1°53’ north, May 31, 10 A. M.; sta- 

tionary in right ascension June 6. 
Venus has just passed inferior conjunction with the sun, 4° 
north of the latter, April 30, and cannot therefore be seen 
without telescopic aid. At the end of the month the planet 
will again be visible in the east before sunrise. During the 
past two months we have had many exquisite views of the 
‘‘evening star,’’ and have obtained several very good pho- 
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tographs, but have been unable to detect any markings up- 
on its surface with the eight-inch equatorial. Venus will be 
stationary in right ascension May 19, and at greatest 
brilliancy June 5. 

Mars is beyond the sun and sets at nearly the same time 
as the latter, so that no observations of it can be made. 

Jupiter may be observed after midnight and will soon be 
in position for evening observation. He is in the constella- 
tion of Sagittarius in a bright portion of the Milky Way. 
Jupiter will be in conjunction with the moon May 17 at 9 
p. M. Central time; to observers in Africa the planet will be 
occulted by the moon, but in our northern latitudeit will pass 
near the northern edge of the moon. June 14 at 3 A. m. the 
planet will again suffer occultation by the moon, visible be- 
tween the equator and about 40° of north latitude. Several 
observers have reported successful observations of the oc- 
cultation of March 24. 

Saturn will be visible in the west in the early evening, but 
at so low an altitude that observations of the satellites will 
be unsatisfactory. We therefore omit the ephemeris of the 
satellites. In March Dr. Terby of Louvain, France, an- 
nounced the appearance of a white region upon the rings of 
Saturn next to the shadow of the planet. Many observers 
have examined the planet under favorable circumstances 
since that time and while some have reported the white re- 
gion as distinctly seen and always in the same position, 
most have seen nothing more than a slight brightening of 
the rings, where they seem to be cut off by the shadow, and 
which appeared to be simply the effect of contrast with the 
intense blackness of the shadow. The Astronomical Journal, 
No. 191, contains a report by Professor Holden of the ob- 
servations made at the Lick Observatory with both the 36- 
inch and the 12-inch refractors. On the best nights the 
observers were able to detect nothing abnormal, but when 
the definition was poor an ill-defined, yellowish lump” 
could be seen “‘extending across rings A and B about half 
as wide as the shadow, and close to it.’’ ‘‘A similar ap- 
pearance was seen across both A and B where they met the 
ball of the planet on the s. p. side.’””, On March 21, at the 
suggestion of Mr. Schaeberle, the experiment was tried of 
placing an occulting bar in the eyepiece and bringing it over 
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different parts of the planet. Wherever the bar was placed 
a brighter confused lump seemed to rise and to border the 
bar. If the the bar was over the ball, this brighter border 
extended all across the disc. If it was placed on the ring 
the appearance was just that of the lump bordering the true 
shadow of the ball on rings. The observers, therefore, con- 
cluded that there was nothing abnormal upon the rings, 
but that the appearances seen were due to bad atmospheric 
conditions alone. A perusal of Dr. Terby’s letter to the 
editor of the Astronomische Nachrichten (A. N. No. 2887 p. 
109) will probably lead one to the same conclusion with re- 
gard to his observations. 

Uranus is in very favorable position for evening observa- 
tion. He may be easily found with an ordinary telescope, 
being in field of a finder with ¢ Virginis, the nearest naked 
eye star northwest of Spica. No reports of observations 
of this planet this year have reached us as yet. 

Neptune is too nearly in line with the sun to be seen. 

MERCURY. 
Decl. Rises. Transits. Sets. 
4 h m h m h m 
+25 30 5 35 a.M. 130.6PpmM. 9 26 P.M. 
+2517 538 “ “na ¢ 9898 
+24 31 : po si Bt - 9 20 
23 O7 ‘ 8 58 
45 8 29 
‘ 


). 

5. 

‘“ 3. 

25 Sa“ 242 


VENUS. 
May 2: 2 03.: 2 00 2 58 a.m. 9 49.7 a.m. 
June : a 3a 38 oP: ae 9 21.4 
2 41.7 238 211 “ 9 05.3 
MARS. 
May 25. 37.6 +2236 443 a.m. 
June : 5 10.1 334 427 
5 539.8 +2403 415 
JUPITER. 
May 2: 829.5 —23 07 948 
June : 24.6 23 08 9 00 
$19.4 —28312 3816 
SATURN. 
May 2: 910.9 728 9 41a.M. 4+ 56.1 P.M. 
June : 914.2 + 12 902 * ) 
17.8 + 56 8 27 
URANUS. 
May 2: 308.3 — 634 315P.™. 
June 5. 307.5 —629 231 “ 
3 07.0 — 6 27 1 51 





+ 
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NEPTUNE. 
aye Decl. Rises Transits. Sets. 
h m ied h m m h m 
ae | ee 4 01.4 +19 01 4 32am. 11 54.8 a.m. 718 p.m 
ES ic sepscsnmons 403.1 +19 06 3 438 11 05.9 * 6 29 ‘ 
Babicivasovsice 404.6 +19 10 304 “ 10213 “* 5 62 * 
; THE SUN. 
ee 3.50.6 +20 08 427a.m. 11 56.3 a.m. 7 25 p.m. 
ee 410.8 +21 04 423 “ 3 56.7 im * 
| aoe 4 31. 1 +21 53 420 * 11 57.3 ico “ 
PUM Becsscsiscsse 455.7 +22 38 ia * 11 58.3 140° 
| oe 5164 +28 04 415 * 11 59.3 * 743 * 
| ere 537.1 +23 21 415 * 12 00.3 P.M. 746 “ 
Occultations Visible at Washington. 
IMMERSION. EMERSION. 
Star's Magni- Wash. Angle fm Wash. Angle f'm Dura- 
Date. Name. tude. Mean T. N. P’t Mean T. Nr tion. 
h m ¢ h m ‘ h m 
May 30 & Tauri. 314 7 10 97 8 06 263 0 56 
31 »Geminorum. 3 4 23 16 4 42 350 019 
June 1 6 Geminorum.* 312 7 20 i132 8 13 250 0 54 
13 Jupiter. 1659 356 Jupiter 0.2’N of moon’s limb. 
Phases of the Moon. Central Time. 
d h m 
AMIE MORAN sic ccnceducsanacncovegecoemntiaiacsicks May 21 3 53 p.m. 
NRA TA ssesisccicinsosesnnesnnsiessoveneseserecioss May 2911 20a.M. 
RHEE SOURED sss insccsscccasccssssascacustesasases June 6 202P.M. 
PPE NID 055 bins rac edenuvicedtninredevsnuecravined June 13 7 58 a.m. 
Phenomena of Jupiter’s Satellites. 
Central Time. Central Time. 
dh m d h om 
May 17 9 43 p.m. IITSh.In. May 299 54 P. II Sh. In. 
18 12 Si a, M, III Sh. Eg. 11 O07 II Tr. In. 
1 04 III Tr. In. $012 33 a.m. II Sh. Eg 
< ie 1 ld I Ec. Dis. 30 146 * II Tr. Eg 
3 57 WiITr.Eg. June 3 139 “ I Ee. Dis 
1912 29 I Sh. In. 10 45 p.m. IS$h. In. 
119 I Tr. In. Ti 25° * I Tr. In. 
2 45 I Sh. Eg. 4 102a.m. ISGh. Eg. 
3 35 I Tr. Eg. oa I Tr. Eg. 
9 50p.m. I Ec. Dis. 10 50p.M. I0Oc. Re. 
2012 53a.m. I0Oc. Re. 512 36a.mM. III Oc. Re. 
10 02 p.m. ITr. Eg. Gi2 30 ** II Sh. In. 
2112 2ta.m. II Ec. Dis. 1 24: * lt oe; in. 
22 9 57 p.m. II Sh. Eg. 710 11-pPp.Mm. II Oc. Re. 
waits oe (f II Tr. Eg. 1112 39a.m. ISh. In. 
25 1 41 a.m. III Sh. In. 12°50 * I Tr. In. 
430 ‘“ III Sh. Eg. 10 Olp.mM.  IEec. Dis 
4 30 Ht Er. in. 11 52 “ Ei Be. Dis. 
ao 223 * I Sh. In. 1212 34a.m. I10c. Re. 
3 04 * Er. ba. 8 54 “ III Oc. Re. 
11 45 p.m. I Ec. Dis. 9 03 P.M _ IV Ec. Dis. 
27 239a.m. I10Oc. Re. 9 24 * I Sh. Eg. 
S30 p:m.. ITs. ia. Sos * IV Ec. Re. 
12 oS * I Sh. Eg. 941 ‘“ I Tr. Eg. 
11 47 I Tr. Eg. 1406021 “ II Ec. Dis. 
28 2 SSa.mu. II Ec. Dis. 1512 25a.m. II Oc. Re. 





* A Multiple Star. 
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Approximate Times of Transit of the Great Red Spot Across the Middle of 
Jupiter’s Disk, 


Central Time. Central Time. Central Time. 
d m c h m h dm 

May 15 11 38P.mM. May 27 3 39a.M. June 6 1 53a.mM. 
17 5 25a.™M. 27 11 3OP.M. 6 9 44P.M. 
Ss 3} 36 “ 29 58 17a4.M. S$ 3 Sia.™. 
18 9 OT P.M. 30 1 08 “* 8 11 22Pp. mu. 
20 2 S4A.M. 30 8 S59P.M. 10 5 O9a.mM. 
2010 45 p.m. June 1 2 46a.M. wm 2 oe 
22 4 32a.M. 110 37P.M. i 68S See 
fo 32 2s “ 3 4 24a4.M. 13 2 38a.mM. 
23 8 14P.M. 412 5 °* 13 10 29P.M. 
25 2 O1a.M. 4 8 06 Pf. 15 4 16a.M. 


9 52P.™M. 


to 
o 


Occultations of the Planet Jupiter as Observed at the Lick Observatory 
March 23, 1889. 
[Communicated by Edward S. Holden.]} 


I beg to forward with this the observations of the occul- 
tation of Jupiter made at the Lick Observatory March 23. 
The altitude of the planet was too small to allow the great 
equatorial to be used. Mr. Keeler observed with the 612- 
inch Clark equatorial. Mr. Barnard observed with the 12- 
inch Clark equatorial. Mr. Hill observed with the 4-inch 
Clark comet-seeker. He also computed the times of immer- 
sion and emersion. Mr. Leuschner, Cand. Phil., observed 
with a portable Clark telescope of 3 inches aperture. 

Their results follow: 


OBSERVATIONS BY MR. KEELER. 

My observations were made with a low power on the 614- 
inch equatorial. At immersion Jupiter was very low, and 
the definition was so bad that no detail could be seen on the 
surface of the planet. No attempt was made to note the 
time of any occurrence. 

The limb of the moon at the point of contact was much 
brighter than Jupiter. I estimated the point of equality of 
brightness to be about 5 diameters of the planet, or 3’ from 
the limb. 

At emersion the definition was better, but still so bad that 
the belts on Jupiter could only occasionally be seen. The 
only curious appearances noticed were those due to irradia- 
tion. The satellites, which were large and brilliant, ap- 
peared suddenly, leaving a feeling of surprise that such (ap- 
parently) large discs could be so quickly uncovered by the 
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motion of the moon. The disk of the planet when it 
emerged appeared to be notched into the dark limb of the 
moon, which was easily visible. The observation of other 
phenomena than these was prevented by the bad seeing. 
J. E. KEELER. 
OBSERVATIONS BY MR. BARNARD. 


The immersion of the planet and satellites was observed 
under very unfavorable conditions, the planet being low and 
the air excessively disgurbed. The satellites were very faint 
at contact, the unsteadiness of the moon’s limb preventing 
any accurate observation of their disappearance. I think 
the observations of disappearance will scarcely be out over 
one second, however. 

Recorded Times of Disappearance. 


h m_ s 
Satellite II 14 3 45.1 disappeared in undulations—very faint. 
“ce Il 14 6 46.6 “ “ “ “ “ee 
* I 14 9 37.2 probably 1s early; disappeared as above. 
Jupiter I 14 11 31.9\ images very unsteady; Contact I will be more 
" Il 14 12 41.7f accurate, the disturbance being greater at II. 


Satellite IV, though pretty distinct before reaching the 
limb, was completely blotted out some four seconds before 
contact by an undulation of the limb that did not cease for 
ten seconds after the satellite had disappeared. 

At reappearance the seeing was somewhat slightly im- 
proved, though still unusually bad. 

The approximate times and angles of reappearance having 
been projected by Mr. Hill, the reappearances were caught 
sharply. The satellites were bright and very large in com- 
ing out—seeing = 1 or 2 on a scale of 5. They shot out 
rather rapidly, though a sensible interval was required 
—from 0.2s to 0.3s. As near as could be judged, the times of 
the reappearances of the centers of the satellites were re- 
corded. 

The reappearance of Limb I of Jupiter was that of a very 
ill-defined mass of boiling light, which grew rapidly, with- 
out any special form; as it progressed the limb of the moon 
was seen cutting the disc, but so badly distorted that noth- 
ing could be made of it. At last contact the planet had 
scarcely any definite form, and the belts were hardly recog- 
nizable. 
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Recorded Times of Reappearance. 


m m s 


Satellite III 15 11 53.6 Jupiter I 15 19 58.8 
35 II 15 14 47.8 # Il 15 21 21.2 
ne I 15 18 40.8 Satellite IV 15 35 27.5 


From the bad definition, nothing worthy of note was seen. 
The observations were made with full aperture of the 12- 
inch equatorial, a power of 150 being used. The times are 
Mt. Hamilton mean time. E. E. BARNARD. 


OBSERVATIONS BY MR. HILL. 


The observations were made with the 4-inch broken tube 
comet-seeker, on the roof of the main building; times noted 
on M. T. chronometer Negus 1719. The prism of this in- 
strument gives poor images of bright stars and planets, and 
the moon was very low in the heavens at each phase of the 
phenomenon. In addition, the atmospheric disturbance 
was greater than I have before seen it at this Observatory. 
For these reasons the only records marked ‘‘ good,”’ at time, 
were those of ‘first glimpse” of planet and satellites, at the 
emersion. It was entirely impossible to make any notes of 
physical appearances, etc. 

Immersion observed with power of about 25 diameters, 
not sufficient to distinguish between light of planet and 
that of moon. Made two guesses at contact and disappear- 
ance, as below; chronometer correction being applied, to re- 
duce to Mt. Hamilton M. T.: 


™m 


Contact I= 14 11 36.2 
“« H=14 12 26.7 
Emersion: For this used a somewhat higher power from 
the 6-inch equatorial, giving with this instrument, about 60 
diameters. 


h m Ss 
Reappearance Satellite III=15 11 54.0 Good. 
“3 a Il=15 14481 “ 
i I=15 18 41.2 
Jupiter (III) =15 19 58.9 
“ “ (1V)=15 21 18.8 Poor. 
“i Satellite IV=15 35 29.6 Good. 


Could with difficulty distinguish dark limb of moon at 
this observation. CHAS. B. HILL. 


OBSERVATIONS OF MR. LEUSCHNER. 


The occultations were observed with a portable telescope 
of 34%-inch aperture and a terrestrial eyepiece magnifying 
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about 40 diameters. The times were taken from sidereal 
chronometer No.1720. The satellites preceding Jupiter were 
fairly well seen until about 3-5s before disappearance when 
they were lost in the glare. The moon’s limb was very un- 
steady and seeing exceedingly poor. Jupiter touched the 
moon’s limb several times before making a complete contact 
and the time was not recorded for this reason. The second 
contact occurred at 144 12m 42.9s L.O.M.T. The disap- 
pearance of the last satellite could not be observed, as it 
was lost about 4s before disappearance. Mr. Keeler, how- 
ever, observed it near by in the 6-inch equatorial and called 
time, which I recorded. 

Disappearance of 4th Satellite, 144 25m 52.2s L. O. M. 
T. M. Keeler estimates that this time may be 2s out. The 
reappearances were all observed except the third contact of 
Jupiter. The times are as follows: 


h m s h m s 
Satellite I 15 11 53.8 Jupiter IV 15 21 14.8 
II 14 48.3 Satellite 1V 35 28.5 
III 18 42.2 


The Polar Rays of the Corona. In speaking of this 
point, ina recent private letter, Professor W. H. Pickering 
remarked that the difference in the character of the rays at 
the two poles of the sun, noticed in 1886, was well marked 
at the last eclipse. Some of the long jets, seen by the naked 
eye in 1886, were carefully searched for at the last eclipse 
and not found. These did appear on the photographic plates 
of this year. 

The outline of the moon was followed for nearly four 
minutes after totality by the aid of a 44-inch glass. Numer- 
ous photographs of the corona were taken by the Harvard 
party after the third contact. 

Speaking of the spectroscopic observations Professor Pick- 
ering also remarked that the spectrum was much simpler 
than in the eclipse of 1882, showing perhaps a half dozen 
lines besides the hydrogen. In the spectra of the protuber- 
ances the H and K lines were strongly marked. The hydro- 
gen rings which did not come out with the prismatic camera 
in 1886, were moderately well shown. During totality 
forty-seven negatives in all were secured, and about 
twenty within a few seconds afterwards which can be used 
with advantage. 
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Ephemeris of Comet e 1888 (Barnard, Sept. 7). The fol- 

lowing is a continuation of my ephemeris of Barnard’s 

comet from Berberich’s elements, for the month of April: 





R. A. Decl. 
G. M. TF. h m s x Logr Log J 
April 1.5 23 34 2% —0 28.8 0.2941 0.4608 
3.5 34 4+ —O0 20.0 0.2962 0.4598 
3.5 33 43 —0 11. 0.2984 0.4586 
7.5 33 19 —O0 2.7 0.3007 0.4572 
9.5 32 54 +0 5.9 0.3030 0.4555 
41.5 32 26 +0 14.3 0.3053 0.4536 
13.5 31 56 +0 22.6 0.3077 0.4516 
15.5 $1 235 +0 30.9 0.3101 0.4493 
Vi2 30 46 +0 39.0 0.3126 0.4468 
19.5 30 7 +0 46.9 0.3150 0.4442 
21.5 29 24 L() 54.7 0.3176 0.4413 
23.5 28 38 +1 2.4 0.3201 0.4382 
25.5 27 48 +1 10.0 0.3226 0.4349 
S10 26 54 +1 17.3 0.3252 0.4314 
29.5 25 55 +1 244 0.3278 0.4278 


O. C. WENDELL. 
Harvard College Observatory, March 22, 1889. 

[The above ephemeris was received too late for last 
month’s MESSENGER, but is published by request of certain 
astronomers, who desire to compare their observations with 
the places given in the same.—ED. | 





The Orbit of Sappho (80). Robert Bryant, F. R.A. S., has 
done astronomy great service in a recent thorough and ap- 
parently complete discussion of the orbit of the minor planet 
Sappho (80). The particular object in the mind of the 
author in doing this laborious work at the present time is 
that the orbit of this planet may be well known, so that it 
may be observed at opposition, with the heliometer, for the 
study of the sun’s parallax. Dr. Gill thinks that minor 
planets Victoria, Sappho and Ariadne are the best situated 
of any for this kind of work. 

Photographing the Great Nebula of Orion. In the March 
number of the Monthly Notices Isaac Roberts gives a brief 
paper on what he terms photographic analyses of the Great 
Nebula of Orion, M 42 and M 43 and A 1180 in Orion. 
This was done by exposing negatives between 5 seconds of 
time and 205 minutes, and studying the gradations of the 
nebulosity obtained, in order ‘‘to compare the relative ac- 
tinic power of the light in different parts of the nebula.” 
The first exposure of 5 seconds showed the four stars of the 
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trapezium. The second exposure of 30 seconds increased the 
diameter and density of those stars, and a third exposure of 
1 minute intensified the same effect and showed the begin- 
ning of nebulosity around ¢. The fifth exposure of 6 min- 
utes made the star images one with irregular outline, and 
brought out the nebulosity more fully, giving points for 
comparison with the well known drawings of Rosse. 
When the exposures were continued for 15 minutes or 
more these resemblances more or less disappeared on ac- 
count of the increasing density of the nebulosity. The in- 
teresting question whether this nebula is in a state of change 
is, at least, presumptively answered in the affirmative by Mr. 
Roberts’ series of photographs. On this point hesays: “It 
is obvious, if we compare the positions of the stars within 
the nebula, as they are shown on the charts by Lord Rosse 
and by Bond, that changes in the relative position of some 
of them have taken place since the year 1866, and I shall 
here just refer to one as an illustration. In the Trapezium 
the two stars numbered 65 and 69 on Lord Rosse’s chart 
are shown much closer to each other than the stars num- 
bered 67 and 73,and Bond’s chart agrees with Lord Rosse’s, 
whereas in the photographs these pairs are nearly equidis- 
tant.”’ 

Within the last few months Mr. Roberts has made expos- 
ures on this nebula varyingfrom 30 minutes to 205 minutes. 
Those made during 30 and 81 minutes show great exten- 
sions of the nebula, and M 43 and M 42 are joined, ‘‘4 1180 
is well developed with characteristic dark cross streams.” 
An exposure of 205 minutes, Feb. 4, 1889, gave evidence 
that all three of these objects belong to one and the same 
gigantic nebula. The inferences which Mr. Roberts seems to 
draw fairly from his work up to the present time are intense- 
ly interesting, indeed, almost startling. We give his con- 
cluding words: 

‘The evidence and confirmation place it beyond reasonable 
doubt that the links shown between these objects are reali- 
ties, and though they supply us with vastly extended knowl- 
edge of the dimensions and form and details of this nebula, 
vet leave us with unsatisfied desire to see more, and prob- 
ably to find that the nebula will be shown to have a sym- 
metrical form in external outline, but is ina state of strong 
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internal commotion. Next year we ought to be able to sup- 
ply the missing links, and see it as a finished picture. In the 
mean time we ought, with all gratitude, to admire the pa- 
tient, long-suffering endurance of those martyrs to science 
who, during the freezing nights of many successive winters, 
plotted, with pencil in benumbed fingers, the crude outlines 
which have been handed down to us as correct drawings of 
this wonderful nebula, which we can now depict during four 
hours of clear sky with far greater accuracy than is possible 
by the best hand-work in a lifetime.”’ 


EDITORIAL NOTES. 


A new comet was discovered by E. E. Barnard, astronomer 
at Lick Observatory, March 31.7215 G. M. T. in apparent 
right ascension 5h 20m 49.3s,in apparent polar distance 
73°53’, having daily motion in right ascension, — 13’ of 
arc; in polar distance, — 2’. The comet at time of dis- 
covery was on the southern border of the constellation 
Taurus, about 12° east of Aldebaran; its motion during last 
month was slowly to the south-east. April 4, observations 
of the comet were made by E. Lamp, Weiss, and C. F. Pech- 
ile. It was then very faint—too faint for the use of the 
micrometer by the first named observer. 

J. M. Schaeberle, astronomer at Lick Observatory has 
computed the following 

ELEMENTS: 
= 1889 May 26.44 G. M. T. 
= 286° 3°) 
= 297 26 ; Mean Eq. 1889.0 
90 0 | 
log q = 8.6064 = 0.0404 for g, which appears to be 
very small for the perihelion distance. The following places 
for April are by Dr. H. Oppenheim, as given in A. N. No. 
2889. 


Zz 
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Decl. L 


7 


April + 
8 
12 
16 §£ 


2 


+15 39 1.10 
50 
41 


+15 32 1.62 
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By the above table it is apparent that the light of the 
comet is increasing, but its position for observation is not 
very favorable, as it is only 2% hours east of the sun. 
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Photographic Study of Stellar Spectra at Harvard College 
Observatory. The third annual report from the Harvard 
College Observatory, on work which constitutes the Henry 
Draper Memorial, under the direction of Professor E. C. 
Pickering, is received. The plan of previous years has been 
continued during the last. The five special lines of research 
are: 1. Catalogue of spectra of bright stars. Instrument, 
8-inch Batche telescope, a photographic doublet, as an objec- 
tive. Work: photographs cover the entire sky north of —25° 
declination, exposures from 5 to 10 minutes. About 28,000 
spectra of 10,800 stars of 7th magnitude and brighter have 
been examined. Copy of catalogue is nearly ready for the 
printer, as far as 144 in right ascension, the positions being 
brought forward to the epoch of 1900. 2. Catalogue of 
spectra of faint stars. Instrument used is the 13-inch pho- 
tographic telescope. Work of taking photographs required 
to cover the sky north of the equator was nearly finished in 
November, 1888. Since that time the instrument has been 
in use in the Western and Southern expeditions. 

3. Detailed study of the spectra of bright stars. The in- 
strument for this work is the 11-inch refractor with one, 
two or four large prisms over its objective. With this in- 
strument 686 photographs have been taken, most of them 
with an exposure of two hours. Photographic plates now 
in use are sensitive enough to get 570 stars north of —30° 
declination with one prism, 170 with two prisms and 87 
with four prisms. It is expected that this work will be com- 
pleted during the next vear. 

4. Faint stellar spectra by the aid of the 28-inch reflecting 
telescope by Dr. Draper has not been continued. 

5. Catalogue of spectra of bright southern stars is now 
in progress by the 8-inch Batche telescope in Peru. The sky 
from—25° to the south pole will be covered, and the result- 
ing photographs sent to Cambridge and reduced as in the 
case of the northern stars. The work will probably require 
two years. 

6. The catalogue of spectra of faint southern stars will be 
extended to the south pole simultaneously with the obser- 
vations just referred to above, which are being made in Peru. 
These memorial funds are being put to excellent service in 
the interest of astronomy, as is plainly seen from this im- 
portant report. 
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Occultation of Jupiter. The occultation of Jupiter by the 
moon March 24, 1889, took place here at sunrise. The sky 
was very clear but there was so much light that the disap- 
pearance of the satellites could be seen with difficulty, and 
at reappearance they had faded entirely out of sight. The 
disappearance of satellite III was noted at March 23d 17h 
45m 0.5s but with some uncertainty as to the exact in- 
stant. 

The times of disappearance and reappearance of the planet 
were noted at the following instants, Ann Arbor mean time: 





Rees, “a Cac dev cance cn mnseitccaorneae 17 55 18.2 
Last 57 39.9 
Reap. First 47 14.7 
Last Wr: Spnehaundcdeeed dadatedaadndaceg dakainceleacdaan 18 48 55.4 


The disappearance was on the bright edge, 30° to 40° 
fromthe north point. The reappearance of the planet’s edge 
outside the moon’s limb was not seen at the instant it oc- 
curred. The time given is several seconds late. 

The 6-inch equatorial was used with an eve-piece magnify- 
ing about 200 diameters, careful watch was kept for the 
remarkable contact phenomena which have been sometimes 
described for occultations of planets, but nothing note- 
worthy was observed. There was some tremulousness and 
flickering at contact, but nothing else. M. W. HARRINGTON, 

Ann Arbor, Mich. 





Comet 1882 II. We have received the first part of an 
“Investigation of the Comet System 1843 I, 1880 I and 
1882 II,’’* by Dr. Heinrich Kreutz, which*is indeed a model 
work ofits kind. It was published in 1888 as a Publication 
of the Observatory in Kiel, Germany. The author gives 
first a short but complete review of the apparition of Comet 
1882 II (the great September comet), followed by an ephem- 
eris depending upon Dr. Stechert’s elements of the orbit. He 
then discusses briefly the passage of the comet over the disc 
of the sun, showing that it entered upon the western edge 
of the dise Sept. 17, 4h 30.6m Berlin mean time, passed off 
the eastern edge at 5h 47m, reached perihelion at 6h 24m at 
a distance of less than half the radius of the sun from his 


* Untersuchungen uber das cometensystem 1843 I, 1880 I and 1882 II. I 
Theil Der grosse September comet 1882 II. Von Dr. Heinrich Kreutz, zweitem 
Observator der konigl. Stenwarte. Kiel, 1888. 
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east limb, passed behind the east edge of the sun at 7h 59m, 
and out from behind the west edge at 9 58m. The first of 
these times was observed by Finlay and Elkin at the Cape of 
Good Hope, the comet totally disappearing as it passed 
upon the solar disc, so that the observers thought that it 
had gone behind the sun. The comet was on the east side of 
the sun for 24 11m, during which time it should have been 
visible in America, but appears to have been nowhere no- 
ticed. 

The author then gives a list of the comparison stars, 
with all the observed places of each, and a complete collec- 
tion of all the published observations of the comet. A dis- 
cussion of the observations of the nucleus is given next. 
Considerable difficulty was found in identifying the parts of 
the nucleus which the different observers took as the points 
of measurement. At the time of discovery of the comet, 
Sept. 8, the nucleus was round, 10’-15” in diameter, and it 
retained the circular form as it approached the sun. Sept. 
17, half an hour before it entered upon the disk of the sun 
the nucleus had a diameter of only about 4”; the next day 
it was the same, as observed on the meridian at the Cape of 
Good Hope. Sept. 21.0 the nucleus was first noticed to be 
oval; Sept. 22.2, according to Schaeberle’s measures, the 
major axis was 11.9”, the minor axis 4.8”. Toward the end 
of the month the elongation was generally noticed; Sept. 
30.7 Finlay first discovered two balls of light in the head of 
the comet. Later other separate points of light were seen, so 
that the nucleus appeared to be divided into 3, 4 or 5 parts. 
Still later these became enveloped in a dense haze so that 
only one or two could be distinguished, and it is somewhat 
uncertain which points were the brightest toward the last. 
Dr. Kreutz thinks, however, that he has succeeded in nearly 
all cases in identifying the point which was taken for meas- 
urement and has deduced the necessary corrections to reduce 
2ach to the point which he has assumed as the center of 
gravity of thecomet. From all the observations he has de- 
rived nineteen normal places of the comet, and after correct- 
ing these for the perturbations by Jupiter and Saturn, has 
formed nineteen normal equations from which are deduced 
the corrections to the assumed elements. The final elements 
thus derived are as follows: 

















Editorial Notes. 231 


Epoch of occultation 1882, Sept. 20.5 Berlin mean time. 
T = 1882 Sept. 17.2612428 + 0.0000319 


w= 69°35’ 20.80” + 1.57") 
vv = 346 00 42.70 +7.31 7 Mean equinox 1882.0 


1=141 59 44.63 +1.79 J 
log ¢ = 7.8893666 + 0.0000364 


log = = 9.9999600 + 0.0000001 
= = 0.9999078 + 0.0000002 
log a=1.9551 a= 84.16 + 0.22 


Period = 772.0 + 2.9 vears. 

The nineteen normal places are represented within the 
errors of observation. 

Dr. Kreutz discusses the possible identity of this comet 
with that of 1106, which was recorded as a very brilliant 
one, seen in daylight close to the sun. He reaches a negative 
conclusion from the fact that the comet of 1106 was seen 
north of the equator in February, which could not be true of 
one moving in the orbit of the 1882 comet. 


The Satellites of Uranus. In the last number of your val- 
uable journal appears my reference to a glimpse of the satel- 
lites of Uranus with a 3-inch telescope. As the statement 
will undoubtedly be questioned, since they are said to be 
‘“‘beyond the range of glasses as large as 8 or 10 inches in 
aperture,’’ permit me to call attention to ‘‘ Webb's Celestial 
Objects,” fourth edition, revised, 1881. Page 186, he says: 
‘“Ward has glimpsed the two outer ones, Oberon and Titan- 
ia, with a 4,° -inch Wray achromatic.” 

In June of last year Uranus was in splendid position for 
observation, and for three or four evenings in the early part 
of the month the seeing was very fine. At that time with 
Uranus in the field, I glimpsed those extremely faint little 
moons of the planet with my 3-inch glass. s. Ss. CHEVERS. 

Brighton, N. J., March 19, 1889. 


The above in substance is what appeared in the March 
MESSENGER, and attracted considerable attention, as might 
have been expected in view of the small aperture employed. 
As Mr. George A. Hill of Washington says, the satellites of 
Uranus are difficult objects for glasses of 8 or 10 inches ap- 
erture. ‘‘ Herschel pronounced these objects the most diffi- 
cult of allin the solar heavens, and gives as an example of 
their faintness a double star between ;3' and ;* Capricorni. 
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The object glass, he says, that is not capable of splitting this 
double, which is about 3” apart would not have a ghost of 
a chance in seeing the satellites of Uranus.’ Speaking of 
these satellites Newcomb remarks (Popular Astronomy, p. 
365): ‘* They may fairly be regarded as the most difficult 
known objects in the planetary system; indeed, it is only 
with a few of the most powerful telescopes in existence that 
they have been certainly seen.’ Professor Newcomb doubt- 
less had in mind all four of the satellites of Uranus when the 
above statement was written. Lamont of Munich saw the 
second and fourth satellites in 1837 with a 1014-inch refract- 
or. Professor Young says (General Astronomy, p. 368): 
“Titania, the largest and brightest of the satellites of 
Uranus, has a distance of 280,000 miles, with a period of 
8d 17h. Under favorable circumstances this satellite can just 
be seen with a telescope of 8 or 9 inches aperture.’ These 
views are cited to show the prevailing idea of skillful 
observers relative to the difficulty experienced in, observing 
these minute satellites. It is not the purpose of this note to 
throw doubt on the observation of Mr. Chevers. Nobody 
knows as well as he, probably, what he saw, especially if he 
observed carefully, and was certain of what he saw. On the 
other hand it is true, if he saw those satellites with a 3-inch 
telescope, that his is the finest record of observing in this 
particular known to modern astronomy, so far as our 
knowledge goes. We may fairly say that a good eye, a fine 
glass and exquisite seeing in Utah air at high altitude 
were doubtless favoring circumstances in this observational 
problem. Mr. Chevers will doubtless try his glass on the 
double star between 7 and ,* Capricorni that further tests 
of its defining power may be known; and vet, in fairness it 
should be added that if his glass fails to divide that double, 
it would not prove that he did not see what he claims to 
have seen. 


Errors in Elementary Astronomical Text-Books. In the 
last number of THE SIDEREAL MESSENGER, Dr. Lewis Swift, 
of Warner Observatory, Rochester, N. Y., in an article on 
‘Errors in Astronomical Text Books,” gives one or two from 
Lockyer’s Astronomy. There is one not mentioned by Dr. 
Swift which gave the writer of this communication a good 
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deal of trouble at one time, and it is therefore desirable to 
notice it. 

In speaking of the stationary appearance of the superior 
planets, Mr. Lockyer says (Art. 374, p. 208): ‘* The planet, 
as seen from the earth, will appear at rest, as we are ad- 
vancing for a short time straight to it.”’. As the earth is al- 
Ways moving in the direction of a tangent to the point of 
its orbit then occupied by the earth, and the tangent makes 
a right angle with the radius, or line between earth and sun, 
astationary planet ought, if Lockyer’s explanation is cor- 
rect, to be 90° from the sun on the celestial sphere. In the 
case of the planet Mars, it is plain, without any measure- 
ment at all that Mars, when stationary, is more than 90° 
from the sun. The true explanation of the stationary phe- 
nomenon, given by Herschel and other astronomers, is that 
all lines drawn through the centers of the earth and a planet 
during its stationary periods are parallels, and parallels ex- 
tending from any point on the earth’s orbit towards the 
celestial sphere seem to converge to a point upon that 
sphere. Since a stationary planet is on such parallels it is 
always seen against the point to which they seem to con- 
verge, and therefore seems to us to be motionless. 

It is a strong illustration of the way in which elementary 
astronomy is divorced from observation that Lockyer’s 
book has been taught for nearly twenty years, but no teach- 
er has discovered this error, which is apparent as soon as 
observation is used. 

The same correction applies with slight changes to the 
subject of inferior planets as treated by Lockyer. B. A. 

White Region on Saturn’s Ring. This phenomenon is still 
visible, and has been distinctly seen on every occasion that 
the planet has been observed. It is visible with all powers 
from 80 to 450 on the 101-inch equatorial. With a magni- 
fying power of 150 it is most conspicuous. To me “the re- 
gion"’ has appeared somewhat smaller of late, as if the 
shadow of the ball was encroaching upon the white spot. 

I do not think the contrast theory will explain this white 
spot, for an observation made a few nights ago through 
large thin clouds proved that the white region was intrin- 
sically brighter than the rest of the ring. I regard the obser- 
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ration as a fortunate and valuable one. These large drift- 
ing clouds acted like a graduated photometric wedge of 
colored glass, gradually obscuring the planet and as grad- 
ually allowing it to reappear. In every case the white 
spot was the last to disappear at the planet’s obscuration, 
and the first to reappear as the planet became visible. 


WILLIAM R. BROOKS. 
Smith Observatory, Geneva, N. Y. 
April 19, 1889. 


The Harvard Party Photographs of January Eclipse. We 
have had the pleasure of seeing two of the photographs of 
the Harvard College Eclipse party who observed at Nor- 
man, California, Jan. 1, 1889. These pictures were sent us 
not long ago by Professor W. H. Pickering, from Los Ange- 
les. The smaller picture was taken with a telescope of 5 in- 
ches aperture and 91 inches focus, and shows the black disk 
of moon seven-eights of an inch in diameter. The polar fila- 
ments are distinctly seen and the four lateral streamers are 
fairly well marked. 

The larger picture was received later and is the finest pho- 
tograph of the solar corona we ever saw. This picture was 
obtained by the aid of the 13-inch photographic telescope, 
and shows the diameter of the moon’s disk to be 1% inches, 
with streamers traceable to a distance somewhat more than 
the moon’s diameter. The plate used was a Carbutt A, 
grade of sensitiveness 12, and was exposed 10 seconds, 
between the 38th and 48th seconds after second contact. 
Those beautiful polar rays must stand out on the original . 
negative with charming delicacy, because they are so well 
shown in this picture. We congratulate Professor Pickering 
on the success of his photographic work of the late eclipse. 


Observatory at Iowa College, Grinnell. A recent letter 
from Professor Buck, by whose earnest labors an Observa- 
tory has been recently equipped for lowa College, informs us 
that a time service for the city of Grinnell is already in oper- 
ation. He has contrived an ingenious device by which the 
steam whistles in the city may be blown daily that the Ob- 
servatory time may be known. This is now done by a push- 
button in Professor Buck’s study. 
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Occultation of Jupiter. The occultation of Jupiter by the 
moon March 23, was observed here with the 10's-inch equa- 
torial. The sky was very clear, and the images fairly steady, 
considering the low altitude of the objects. The first con- 
tact was noted by me at 18 45m 47s local sidereal time 
(corrected for clock error). The last contact at emersion 
was recorded at 19 37m 31s. 

My young daughter, Anna Caroline (now eleven years of 
age, and whom I trust I may be allowed to say manifests 
a promising ability for precise observation), observed the 
phenomena with the 3-inch finder of the large instrument, 
and independently recorded the first contact one second 
sarlier than above. After geometrical contact at immersion 
the moon’s limb seemed to me to become indented, to give 
way, so to speak, before the planet, so that the limb of 
Jupiter appeared visible nearly three seconds after true geo- 
metrical contact. Although observed in bright sunshine, 
Jupiter appeared very distinct and the belts were plainly 
visible. Magnifying powers used were 80 diameters by my- 
self on the 101%-inch; and 40 by Anna on the 3-inch finder. 

WILLIAM R. BROOKS. 
Smith Observatory, Geneva, N. Y. 
March 25, 1889. 


Astronomical Society Proposed. The Globe-Democrat of 
St. Louis recently contained the following item from Mr. F. 
H. Burgess: 

Your suggestion ina recent issue, that wealthy St. Louisans should endow 
an astronomical Observatory here, deserved more attention than it seems to 
have received. The excellent work done by the St. Louis party in the 
eclipse expedition shows that we have astronomical ability here of the 
highest order, only it needs encouragement. I suggest first the formation 
of an Astronomical Society to awaken an interest in the subject, and I 
should be glad to receive the addresses of any who, like myself, are students 
of the ‘ sublime science,’’ and would like to come together and see what can 
be done in the line of your excellent suggestion. 


The Great Telescope for Los Angeles, Cal. The following 
note was taken from the Alta California of Feb. 28, 1889: 

The great telescope which it is proposed to put upon Wilson’s Peak, near 
Los Angeles, will perhaps not be built. Alvan Clark, who was invited 
there by the trustees of the University of Southern California to look over 
the ground and consider the practicability of the scheme, made a favorable 
report and named a price of less than $200,000 to erect a 40-inchlens instru- 
ment and necessary accessories. But that offer was not accepted. There is 
not much more than $200,000 available to spend upon the entire Observa- 
tory, and the purchase of the telescope is not more than half the expense. 
Mr. Clark left Los Angeles ,without an order, and the scheme will 
probably never be carried out. 
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The Chamberlin Observatory. The building for this Ob- 
servatory will be begun in a few weeks; it is to be situated 
six miles from the heart of Denver, on a plat of ground con- 
taining two blocks. It will be constructed of lava stone; 
the length is 65 feet, and the extreme depth 45 feet. A steel 
dome, 37 feet in external diameter, and havingits summit 45 
feet above the ground, will surmount it. The chief rooms 
are the library, computing room, director’s office, instru- 
ment room, transit room, clock room, dome room with the 
observer’s room adjoining it, photographic dark room and 





janitor’s room. 


The disks for the 20-inch object-glass are almost ready 
in the optical works of Mantois. The Clarks will grind the 
lens. Fauth & Co. of Washington have the contract for the 
large equatorial mounting, and have begun its construction. 
It will be the first new instrument to be equipped with Saeg- 
muller’s finding circles, at the eye-end. This firm will also 
furnish the Observatory with a six-inch equatorial mounting 
(glass by Brashear), a three-inch meridian circle, two stand- 
ard clocks, a chronograph, two micrometers, and several 
other subsidiary instruments. 

The crown lens of the large object glass will be reversible, 
for photography. The Observatory will be a department of 
the University of Denver, to which Mr. H. B. Chamberlin, its 
founder, will present it. 


The White Spot on Saturn. On the evening of March 26, 
Professor H. L. Smith, of Hobart College, Geneva, N. Y., ex- 
amined the white spot on Saturn with his Spencer telescope 
of 434 inches aperture, 351% inches focal length, with powers 
from 100 to 350. His report is that he cannot make up his 
mind that the phenomenon is anything more than the effect 
of contrast of the shadow and the ring, vet it seems a little 
too conspicuous to be explained in that way only. 

March 24th another very skillful observer tried the white 
spot on Saturn and was unable to see anything unusual. 
By the aid of the spectroscope this observer could see G. F. 
bE. D. and C? (a strong line in the red) with perfect cer- 
tainty, and with glimpses of a multitude of lines more in the 
yellow, green and blue, but could not find any traces of 
bright lines. 
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Notch in rs Terminator of Venus. William Edward 
Wood of U. S. Architect’s office, Washington, D. C., while 
observing a March 13, with 3%-inch refractor, with 
various eye-pieces, including a Steinheil achromatic, believes 
he saw a notch in the terminator about one-fifth of the way 
from the north horn inward toward the south horn. Special 
care seems to have been given to the observation to assure 
its faithfulness and the distinctness of the notch remained. 
Subsequent observations of the terminator by several as- 
tronomers with good instruments fail to show the notch de- 
scribed ; but this might happen on account of the change of 
the terminator. The observation is mentioned that astron- 
omers generally may consult their note books for further 
information at or near the date March 13. 


Astronomical Clock Record. Frequently from time to 
time, we have requests for information concerning the per- 
formance of good astronomical clocks, by persons with and 
without experience in accurate time-keeping. As an example 
of good work in this direction we append the record of an 
astronomical clock owned by Mr. Chas. H. Rockwell, Tarry- 
town, N. Y., for a brief period during last year. The clock is 
the Pond Motor, Gerry escapement, with a Rockwell pendu- 
lum. 


1888. Carre Daily rate. 1888. Correction. Daily rate 
s s s 
August 24 —2.289 Setpember 21 2.573 -+0.012 
26 2.353 +0.032 2+ 2.603 O.O11 
30 2.497 0.036 October. t 2.03% “ —0.057 
September 5 2.700 0.034 8 2.17 +-0.036 
13 2.471 —0.029 (Obliged to stop the pr 


Persons desiring further information will find Mr. Rock- 
well always an interested and helpful correspondent. 
Double Star Observations by S. W. Burnham, of Lick Ob- 


servatory. A paper containing the observations of double 
stars, new and old, made by S. W. Burnham, astroaomer at 


Lick Observatory, during August, September and October of 


1888 has been received. The new double stars were discov- 
ered and measured by the 12-inch or 36-inch equatorial be- 
longing to the Observatory. The paper is entirely devoted 
to objects of special interest in this branch of astronomy. 


New Instruments for the Chamberlin Observatory. In 
connection with our note on the late work of Messrs. Fauth 
& Co., Washington, D. C., in last month’s issue, we inadver- 
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tently omitted to mention that the company had been 
awarded the contract for furnishing a large part of the in- 
struments of the new Chamberlin Observatory of the Uni- 
versity of Denver, Colorado. Messrs. Fauth & Co. are to 
make the mounting for the 20-inch equatorial, to furnish a 
3-inch transit circle, chronograph, sextant with artificial 
horizon, mean time clock, mounting for 6-inch equatorial, a 
solar transit level and a spherometer. These instruments 
will be finished in. the best style of workmanship and some 
of them will have improvements recently devised by the 
company that are new, convenient and apparently very 
useful. + 


Death of William Tempel. We were pained to learn, some 
days ago, by kindness of Charles W. Dunn of Florence, Italy, 
of the death of Professor William Tempel, Director of the 
Arcetri Observatory. This sad event took place on the 16th 
of February, after a long and painful illness. A brief sketch 
of the life and work of Professor Tempel will be given in a 
later number of this journal. 


BOOK NOTICES. 
A Treatise on Trigonometry, by Professors Oliver, Wait and Jones of Cor- 
nell University. Ithaca, N. Y.: Dudley F. Finch, Publisher, 1889. 

The first edition of this book was published in 1881. Its 
plan was first outlined by Professor Jones, and submitted 
to the other professors of the University whose names are 
given above. After full discussion of its plan, the first edi- 
tion was published as the joint production of all. During 
the last eight years this text has been used in Cornell Uni- 
versity, going through one revision in the meantime. We 
have now before us a second revision which bears the date 
of 1889 on its title page. From a comparison of this with 
the first edition, we find so many and so important changes 
that it may be fairly said to be wholly rewritten, and that 
virtually the book is a new one. In the earlier part of it, 
the matter is made more simple and direct, and vastly im- 
proved in our judgment for use in the class-room. Further 
on, we find new matter in the way of applications of trig- 
onometry to surveying, astronomy and navigation, which 
will serve a good purpose for those students who have the 
time to follow up the branch in this way, and to learn some- 
thing of the vast range of mathematical physics herein sug- 
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gested. The discussion of the general triangle, plane and 
spherical, is an interesting feature in this book, and one that 
the college student ought to know something of, before he 
passes on to other branches of mathematics in regular 
course, if he shall at all have right notions of trigonometry 
as a science, or realize its uses as an instrument of mathe- 
matical investigation. The attention of teachers of mathe- 
matics is called to this text-book on trigonometry. 





Logarithmic Tables, by Professor George William Jones of Cornell Univer- 
sity. Published by Dudley F. Finch, Ithaca, N. Y., 1889. Flexible 


—_ 


covers, pp. 72. 

This appears to be an excellent book of tables. Its ar- 
rangement is certainly first rate. The table of loga- 
rithms of numbers is six place, and for four figure numbers, 
with right hand column on each page for differences. The 
page is open, and the figures, with variety of face, are easy 
for the eye. The table of constants in natural and loga- 
rithmic numbers is unusually full, and gives latest values, so 
far as we know. The arrangement of the trigonometric 
tables so as to place natural and logarithmic numbers side 
by side, is unusual, but these tables present this so neatly 
and well as to give convenience without confusion. To 
promote the detection of errors in these tables Professor 
Jones offers one dollar for the first notice of each error. 

The Student’s Atlas in twelve Circular Maps. On a Uniform Projection and 
one scale. With two Index Maps, intended as a Vade-Mecum for the 
Student of History, Travel, Geography, Geology, and Political Econo- 
my. By Richard A. Proctor. Publishers, Messrs. Longmans, Green & 
Co., London. Also New York, 15 East 16th Street. 1889. 

This atlas was prepared by Mr. Proctor, in the course of 
his studies, to meet his own wants as a student, in the de- 
sire to form exact ideas of the relations of different parts of 
the earth’s surface to each other. The one scale in all the 
maps is a new feature and deserves attention because not 
in general use by those who have been esteemed the best 
makers of atlases for geography. The way Mr. Proctor 
came to adopt the one scale for all his terrestrial maps was 
partly accidental. In preparing projections of the earth for 
his ‘‘Seasons Illustrated”’ the ‘‘Old and New Astronomy” 
and ‘Studies of the Transits of Venus,’’ he found the one- 
scale plan much more convenient and satisfactory than that 
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in use in ordinary atlases, and so it was adopted, and the 
terrestrial maps needed for his numerous publications were 
so made. The maps of this atlas are reductions from those 
prepared for earlier works. They are circular and have a 
diameter of nearly seven inches, are printed in colors, show 
prominent physical features, names of prominent places in 
clear type, and have on the back of each map its contents as 
a convenient reference title. The index maps are also an in- 
teresting feature, showing at a glance how the six maps 
belonging respectively to the northern and southern hemi- 
spheres are related to one another. As a whole we do not 
know of an atlas so convenient and handy in form as this, 
and therefore commend it to the attention of students gen- 
erally. 


Lessons in Elementary Mechanics by W. H. Grieve, P.S. A. Publishers, 
Messrs. Longmans, Green & Co., London. Also, New York, 15 East 
16th Street. 


We have before us two small books which were prepared 
by Professor Grieve to meet the need of the separate stages 
of instruction in mechanics or elementary natural philos- 
ophy, as defined by what is known as the schedule of the 
New Code in use in the various schools under the school 
board of the city of London. 

The book designed for the third stage has for its subject 
matter the simple mechanical powers, liquid pressure, the 
hydrostatic press, liquids under the action of gravity, the 
parallelogram of forces and velocities, with numerous ex- 
amples under each topic. The language is simple and direct, 
and the illustrations and cuts well chosen. 

The second book for the second stage is more difficult and 
deals with matter in motion, the weight of a body, its in- 
ertia and momentum, measures of force, work and energy, 
energy may be transformed, but can not be destroyed, and 
heat as a form of energy. 

The methods employed in tracing these themes are essen- 
tially the same as in the other book. No mathematics above 
the common arithmetic is needed to perform the examples. 
The review questions at the close of each chapter are an ex- 
cellent feature of this stage, not only on account of points 
raised in them, but also others which are easily suggested by 
them. 
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¢ STAR#ATLAS. + 


Containing Maps of all the Stars from 1 to 6.5 magnitude, between the 
North Pole and 34° South Declination, and of all Nebule and Star 
Clusters in the same region which are visible in telescopes of 
moderate powers. With explanatory text by 


DR. HERMANN J. KLEIN. 


Translated and adapted for English readers by 


EDMUND McLUREH, M. A.,M.B.1. A. 


18 Charts and 81 pages of illustrative letter press. 
Imperial 4to, Cloth, $2.25 net. 
If by mail 20 cents must be added for postage. 


“T have been looking for just svch an Atlas for more than thirty years. The 
absence of those hideous figures which adorn most alljstar maps and every celestial 
globe is certainly a great step forward. The astronomer wants the outlines only 
of the constellations on his star maps. The insertion of Nebula and star-clusters 
visible in small telescopes only, is a boon to the astronomer who does much work 
(or any) in searching for comets; and as this work is mostly done with small tele- 
scopes, the observer wants only the Nebulz and star clusters on his map which his 
telescope will show, and no more. The catalogue of single, double and colored 
stars, together with nebulz and star clusters, has been admirably selected. 
The atlas is just the proper size; if larger it would be inconvenient, and if smaller 
the maps would have little value.""—H. P. TUTTLE, M.A., formerly of the Cam- 
bridge, Mass., Observatory. 


“T have carefully examined the Star Atlas . . . and considerit in every re- 
spect a first class work. . . . The maps are clear, distinct and remarkably accu- 
rate; the boundaries of the constellations agree exactly with the very best author- 
ities; the names are marked distinctly, without any pictures of animals (which is 
a great improvement on most astronomical maps). The nebulz and star clusters 
are all marked and accurately named down to such a magnitude as could be seen 
with an ordinary two or three-inch telescope, and their positions are remarkably 
accurate. The descriptions of astronomical phenomena agree with the best au- 
thorities and with the heavens; they are accurate and just as exhaustive as pos- 
sible for the space. The pictures of some of the most important phenomena are 
derived trom the best sources. some of them excellent copies, the others quite accu- 
rate representations of the heavens. The whole work was written by an astron- 
omer of acknowledged reputation, which in itself is a sufficient recommendation. 
The book is very handy, and it surprises me how much is contained in such a small 
compass; it is practical, for no stars or other objects are put down below a certain 
limit, and it is practically exhaustive up to that limit. There are three classes of 
people that it may benefit. 1st. Astronomers who are particularly engaged in 
comet hunting, on account of the nebul# being marked as they are. 2d. Amateurs 
with a two or three-inch telescope, who want to get a general view of the sidereal 
heavens. 3d. Students, for I think a copy of this atlas would be extremely usetu 
as a handbook wherever sidereal astronomy is taught in any manner. It gives 
me great pleasure to state that I do not know of any book of its kind that con- 
tains so much accurate knowledge in so small a compass.’'—EDGAR FRIsBYy, Pro- 
fessor of Mathematics, U.S. Navy. U.S. Naval Observatory, Washington, D.C. 
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TO MONTANA, 
OREGON anp 
WASHINGTON. 





If you are going west bear in mind the following facts: 


The Northern Pacitic Ratlroad 


Owns and operates 987 miles, or 57 per cent of the entire railroad mileage 
of Montana; spans the Territory with its main line from 
eastto west; is the 


SHORT LINE T2 (ONTANA, 


The Only Pullman and Dining Car Line to Butte, 


and is the only line that reaches Miles City, Billings, Bozeman, Missoula, 
the Yellowstone National Park and, in fact, nine-tenths of the cities and 
points of interest in the Territory. 


THE NORTHERN PACIFIC 


Owns and operates 621 miles, or 56 per cent of the railroad mileage ot 
Washington, its main line extending from the Idaho line via 
Spokane Falls, Cheney, Sprague, Yakima and Ellensburg, 


Through the Center of the Territory 


to Tacoma and Seattle, and from Tacoma to Portland. No other trans- 

continental through rail line reaches any portion of Washington Territory. 

: T i D Sto Over Privil ag are given on Northern Pacific second 

E ays p- og class tickets at Spokane Falls and all 

points west, thus affording intending settlers an excellent opportuniy to 

see the entire Territory without incurring the expense of paying local fares 
from point to point. 
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THE NORTHERN 
PACIFIC 
RAILROAD 














THE SHORTEST ROUTE 


St. Paul »n Tacoma 


by 207 miles; to Seattle by 177 miles, and to Portland by 324 miles—time 
correspondingly shorter, varying from one to two days, according to des- 
tination. No other line from St. Paul or Minneapolis runs through pas- 
senger cars of any kind into Idaho, Oregon or Washington. 


In addition to being the only rail line to Spokane Falls, Tacoma and 
Seattle, the Northern Pacific reaches all the principal points in Northern 
Minnesota and Dakota, Montana, Idaho, Oregon and Washington. 
Bear in mind that the Northern Pacific and Shasta line is the 


FAMOUS# SCENIC #ROUTE 
To All Points in California. 


Send for illustrated pamphlets, maps and books giving you valuable in- 
formation in reference to the country traversed by this great line from St. 
Paul, Minneapolis, Duluth and Ashland to Portland, Oregon, and Tacoma 
and Seattle, Washington Territory, and enclose stamps for the new 1889 
Rand MeNally County Map of Washington Territory, printed in colors. 

Address your nearest ticket agent, or 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 


ST. PAUL MINN. 
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CCIENTIFIC AMERICAN 


ESTABLISHED 1845. 


Is the oldest and most popular scientific and 
mechanical paper published and has the largest 
circulation of any paper of its class in the world. 
Fully illustrated. Best class of Wood Engrav- 
ings. Published weekly. Send for specimen 
copy. Price $3a year. Four months’ trial, $1. 

MUNN & CO., PUBLISHERS, 361 Broadway, N.Y. 


Edition of Scientific American. 

A great success. Each issue contains colored 
lithographic plates of country and city residen- 
ees or public buildings. Numerous engravings 
and full plans and specifications for the use of 
such as —o, Pall ding. Price $2.50 a year, 
25 cts. a copy. CO., PUBLISHERS. 
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years’ experience and have made over 

00,000 applications for American and For- 

eign patents. Send for Handbook. Corres- 
pondence strictly confidential. 


TRADE MARKS. 


In case your mark is not registered in the Pat. 
at Office, apply to MUNN & Co., and procure 
mediate protection. Send for Handbook. 
COPYRIGHTS for books, charts, maps, 
%>., quickly procured. Address 
MUNN & CO., Patent Solicitors, 
GENERAL OFFICE: %1 BROADWAY. N. ¥ 





OKLAHOMA 


A 

Now that the President has issued his proclamation declar- 
ing the Oklahoma lands open for the taking of claims, every 
one will be interested in knowing how they can reach this 
section with as little delay as possible, and the least expense. 

The MINNEAPOLIS & ST. LOUIS RAILWAY, ‘Albert 
Lea Route,” in connection with the CHICAGO, KANSAS & 
NEBRASKA RY., offers the only direct and feasible route to 
this section. 

Only one change of cars between St. Paul or Minneapolis 
and Pound Creek, I. T., where connections are made with 
Stage line for Ft. Reno, Ft. Sill, ank all interior points in the 
Oklahoma country. 

For Rates, Time Table, etc., address your nearest R. R. 
Agent, or write to 

S. F. BOYD, G. T. & P. A., M. & St. L. Ry. 
Minneapolis. 
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CARLETON COLLEGE. 


NORTHFIELD, MINNESOTA. 


Full Preparatory and Collegiate Departments. 
Singlish, Scientific, Literary and Musical Courses. 
All Departments open to Students of Either Sex. 
Expenses Very Low. 


CALENDAR FOR 1888-9. 


Examinations to enter the English Academy or Preparatory Department 
the first afternoon of each term. 

Examinations to enter the Collegiate Department, September 4th, 1888, 
and June 7th and 8th, 1889. 

Term Examinations, December 19th and 20th, 1888. 

Winter Term begins Thursday, January 3d, and ends March 14th 1889. 

Term Examinations, March 13th and 14th, 1889. 

Spring Term begins Wednesday, March 27th, and ends June 13th, 1889. 

Term Examinations, June 10th and 11th, 1889. 

Anniversary Exercises, June 8th to 13th, 1889. 

Wednesday, September 4th, 1889, Fall Term begins. 


JAMES W. STRONG, President. 
NORTHFIELD, MINN. 














HELIOSCOPES 
EYE PIECES 
AND MICROMETERS 
SEND FOR CATALOGUE TO | 


' QUEEN &CO 924 cHEsT-sT. 
| PHILADAELPHIA PA.j 











TELESCOPE, six-inch object glass; eye pieces, 71, 117, 147, 
273. Equatorial mountings, declination cirele, with finder 
’ complete. Charles Boyle, maker. Instrument in good repair. 
Property of the late Moses Sey M.D. Address, 
Wal TER C. GUNN, Chieago, Til. 





eae i AME “AND” Loc ATE “AL L PL ANETS, 
Stars and Constellations visible at any 
~ minute of time. Heliotellus for 
tronomical Geography. Whitall’s 
Special Telescope. Address for further deesedihin WM. T. COOPER, Manager, 
307 Race Street, Philadelphia, Pa. 


~ BOR | SAL E. A GOOD ACHROMATIC, 

4-inch aperture and 5 feet focus, having 

pg — es, mé ag cg from 60 to 250, 
”. Apply by letter to 


A. ROTHWELL. 
102 Cambridge St., E. Cambridge, Maas, 
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Minneapolis & St. Louis 


RAILWAY 


“Albert Lea Route.” 


TW O THROUGH TRAINS DAILY 
FROM ST. PAUL anp MINNEAPOLIS To 


aCHICAGOFe 


WITHOUT —— CONNECTING WITH THE FAST 
TRAINS OF ALL LINES FOR THE 


EAST © SOUTHEAST. 


The Direct and Only Line Running Through 
Cars Between Minneapolis and 


DES MOINES, IOWA, 


Via AL BERT LEA AND FORT DODGE. 


SHORT LINE 10 WATERTOWN, DAK. 





Bae SOLID THROUGH TRAINS “G4 
——BETWEEN—— 


MINNEAPOLIS ‘aso ST. LOUIS 


and the Principal Cities of the Mississipp! VALLEY, 
counecting in Union Depot for all points 
SOUTH ann SOUTHWES T. 


MANY HOURS SAVE and the ONLY 


running 
TWO TRAINS DAILY to 

SAINT JOSEPH and AT- K A N 5 AS 
CHISON, making connections with the Union Pacific 
and Ate hison, Topeka and Santa Fe Railways. 


Ba Close connections made in Union Depot with 
all trains of the St. Paul, Minneapolis & Manitoba: 
Northern Pacific; St. Paul & Duluth; Minneapolis, 
St. Paul & Sault St. Marie Railways from and to all 
points NORTH and NORTHWEST. 


REMEMBER! The trains of ‘the MINNE APOLIS & 
ST. LOUIS RAILWAY arecomposed 

of Comfortable -Day Coaches, Magnificent 

Pullman Sleeping Cars, Horton Reclining 


poe wag Bag P ALACE DINING CARS! 


7 150 L BS. OF BAGG AGE CHECKED FREE. 
Fare always as Low as the Lowest! For Time 
Tables, Through Tickets, ete., call upon the nearest 
Ticket Agent, or write to Ss. F. BOYD, 

Gen’! Tkt. & Pass. Agt., Minneapolis, Minn. 











